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CONSTRUCTIONAL PROJECTS 


WORD GENERATOR PART ONE by Joe Chamberlain .................. 12 
A highly versatile item of test equipment for generating 

a binary word of up to 16 bits. 

INTERRUPTING THE BEEB by David Berry ........cccccessseceeeeeneeerene 26 
Adetailed discussion, with practical circuit diagrams and 

a program listing, of methods for externally controlling 

the interrupt routines on the BBC computer. 

SCOPE STORE by Robert Penfold ...........csccccssesstsecesseseeeseeesseeeeee 35 
Compact self-contained digital storage techniques are 

used in this oscilloscope add-on unit. 

UNIVERSAL EVENT COUNTER by John Becker .........0.ceceeeee 49 
Originally designed for use with the PE Geiger Counter, 

this four-digit counter display has many more capabilities. 


SPECIAL FEATURES 


SIGNAL PROCESSING PART ONE by the Prof «0.0.0.0... eceeeeees 19 
Analogue signal handling options are closely examined, 

with special regard to Dolby, companding, noise gates 

and delay lines. 

FLIGHT 68K REVIEW by Robert Penfold... ccc eceeeetseeeeenrernees 30 
Aclose examination of a very comprehensive commercial 
microprocessor development and teaching system. 

AUTOBUTLER BY Richard Mishra. .......cccsscseeecseeeseereceeeestrereeneeeees 44 
In a delightfully told style, a predictive tale is unwoven 

showing how technologically aided humanity might 

someday be free to enjoy living. 
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NEXT MONTH... 


You'll find the August issue equally interesting — 


PSEUDO STEREO e MICRO-CHAT SPEECH SYNTH ® WORD 
GENERATOR CONSTRUCTION e DIGITAL SIGNAL TECHNIQUES e 
HI-Fi COMPONENTS ¢ SWITCH MODE SUPPLIES e AND OF COURSE 

a our top line regular features, exciting experimental ideas, and all the 
SUT RUF latest product information from our advertisers — no wonder our 
ee + . circulation is rising. 


PE AUGUST 1987 ISSUE ON SALE FROM FRIDAY JULY 3rd 


— MAKE SURE YOUR NEWSAGENT HAS YOUR COPY READY ~— 
IT’S ONLY £1.25 


THE SCIENCE MAGAZINE FOR SERIOUS ELECTRONICS ENTHUSIASTS 


PRACTICAL ELECTRONICS JULY 1987 3 


NEWS AND MARKET PLACE 


CATALOGUE CASEBOOK 


Last month reece dah evinces 


and literature: 


Babani Catalogue of Electronics, Radio and Computer Books, 


the complete 1987 list of all the books currently available from 


this renowned publishing house. Well categorised, with 


descriptive details, and a° numerical cross index. Bernard 
Babani (Publishing) Ltd, The. Grampians, Shepherds Bush 
Road, London W6 7NE 


1.C, Electronics. The latest mail order catalogue from: this 
discount electrical . store’ cover « electrical components, 
telephones, calculators, ‘watches, audio, games, optical, 
records, and tools, An extremely useful catalogue to keep 
handy. I.C. Electronics Business Centre, PO Box 130, 
Aberdeen, AB 8HQ, 

INSPEC, The first ever authoritative reference book on MCT 
(Mercury cadmium telluride). semticonductor properties. 
INSPEC, Station House, Nightingale Road, Hine Herts, 
$G5 IRJ. 

International Electrotechnical Commision. A fully indexed and 
detailed catalogue of publications, complete to Ast January 
1987, covering world standards for electrical and electronic 


engineering. British Standards Institution, Linford Word, 
Milton Keynes, MK14 6LE.. 


Klippon, New interface and control module catalogue. 87 pages 
of full colour photographs, and concise details of passive and 
active devices in the ranges. Klippon Electricals, Power Station 
Road, Sheerness, Kent, ME12 3AB: 


Mullard. A new publication covering Terminations for Surface 
Mounted Chip Capacitors, and discussing their merits and 
drawbacks. Mullard Ltd., Technical Publications Dept:, New 
Road, Mitcham, Surrey, CR4 4XY. 


NEC, New manual fully documenting NEC's family of digital 
signal processors. STC MULTI components, Edinburgh Way, 
Harlow, Essex, CM20 2DF. 


Omni. Electronics. A very comprehensive list of the type of 


Components used by hobbyists. and normally held. as stock 
items. Customers are assured of personal service, whether they 
write, phone or call to. buy components. Omni. Electronics, 
174 Dalkeith Road, Edinburgh, EH16 5DX. 


. ‘TK Electronics.. A. comprehensively illustrated catalogue 


covering wide ranges of components, equipment, tools, books 
and. other: essential: items that any interested electronics 
oe needs, TK Electronics, 13 Boston Road, London 
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WHAT’S NEW 


Transputer Shipments 


t peieory have announced the 
initial deliveries of its IMS 
T800 transputer and also the 
availability of an evaluation 
board for the new device. 

Introduced in November 1986, 
theT800 is the latest addition to 
the transputer family. It 
combines a 32 bit transputer with 
an on-chip 64 bit floating point 
processor and is capable of 
achieving 4000K Whetstones. 

INMOS state that shipments 
have occured well ahead of their 
expectations, demonstrating the 
strength of both their process 
technology and design tools to 
achieve a product, with over 
250,000 transistors, that works 
the first time. 

Among the organizations 
receiving initial shipments was 
the European Economic 
Commission (EEC) ESPRIT 
Supercomputer Project, where 
the IMST800 delivery was some 
six months ahead of schedule. 
The Anglo-French team is being 
led by the Royal Signals and 
Radar Establishment (RSRE), 
Britain's top defence research 
laboratory, to build a modular 
supercomputer. Containing 
more than 1000 transputers, the 
ESPRIT parallel processing 
machine will cost less than 
one-tenth that of current 
machines of equivalent power: 

“In terms of performance, the 
IMST800 leaves the conventional 
two-chip floating point approach 
standing,” say ESPRIT. 
Moreover, the device allows 
them to design and build a 
reconfigurable and more flexible 
computer for a wider range of 
applications than can be 
supported by other standard 
processors. 

Improvements in performance 


for parallel processing 
applications are a result of the 
unique transputer architecture. 
Unlike conventional 
microprocessors, which are 
designed for use in single- 
processor systems, the transputer 
was designed to be used in 
multi-processor applications. 

In addition, the T800 
transputer is unique in its ability 
to perform both standard integer 
processing and floating-point 
arithmetic functions on the same 
chip. Previous approaches 
required at least two chips, and 
system performance often 
degraded because of the time 
required for the two chips to pass 
data back and forth. 

The T800 transputer is 
available on an evaluation board 
which allows customers to 
quickly and easily evaluate the 
performance and capabilites of 
the new device, The IMS B003-1 
evaluation board costs £3 572,00 
each. 

Overall customer acceptance 
of the transputer has been good, 
with over 1000 companies 
worldwide evaluating, 
prototyping or manufacturing 
transputer-based systems. 
Applications include digital 
signal processing, high-end 
graphics, PC “turbocharger” 
add-in card, artificial 
intelligence, robotics, process 
control, military systems, and 
others. The expanding transputer 
family includes the IMS T800, 
the 32 bit IMS T414 transputer, 
the 16 bit IMS T212 transputer, 
the IMS M212 disc processor and 
the IMS CO11/CO12 link 
adaptors. 

Contact: INMOS International 
PLC, 1000 Aztec West, 
Almondsbury, Bristol, BS12 48Q. 
Tel: 0454 616616. 
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Low-Cost Transputer 


Ts Concurrent Technology 
TM1 transputer module 
offers OEMS, educational 
establishments and hobbyists the 
opportunity to use the 
revolutionary Inmos T414 
transputer for a relatively small 
outlay. 

The TMI consists of a four- 
layer PCB approximately 95mm 
by 74mm, on which are mounted 
an Inmos T414—-15 transputer 
capable of up to 7.5 MIPS and 
256K of high-speed DRAM. The 
module may be mounted 
vertically or horizontally on a 
suitable interface board, which 
may be a conventional double- 
sided PCB, or even a wire-wrap 
board, via a 15-way female 
connector. 

The module may be used on 
its own as a low-cost transputer 
evaluation system: a PC interface 
card will soon be available, and 
a resident assembler. OEMs 
wishing to enhance the 
performance of an existing 
product will also find it of 
interest, because of its small size. 
It may also be used as the basis 
for a very powerful, compact, 
parallel-processing system: up to 
eight TMls may be mounted on 
a single eurocard, with support 
circuitry, giving up to 60 MIPS 
from a system that can be held 
in one hand. 

TheTM1] can be supplied with 
a 10 MIPS IMS T414-20, or the 
new IMS T800 (when available) 
as options. The latter (which 
includes an on-chip maths 
co-processor) will deliver up to 
2.25 MegaFlops/sec. 

The one-off price is £600. 

Contact: Leon Heller, 
Concurrent Technology, 30 
Baldslow Road, Hastings, East 
Sussex RN34 2EY. Tel: (0424) 
714790. 


Head up for cars 

le concept of a ‘Head-up 
display’ is familiar to 

professional pilots, as it is used 

in many civil and military airline 
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to enable the pilots to read 
certain essential instruments, 
and often a simulation of an 
approaching runway, without 
taking their eyes off the landing 
lights below them. The necessary 
details are projected onto the 
‘plane’s cockpit window in such a 
way that they are readable at the 
focal length at which the pilot’s 
eyes need to remain to observe 
details outside the plane. 

Batelle Institute of Ohio now 
have asimple, low cost system to 
do a similar job for car drivers. 
The system uses holography to 
project, in this case, a two 
dimensional image of the car's 
dashboard instrumentation at an 
apparent distance of ten feet in 
front of the windscreen, so that 
the driver can monitor the 
instruments without looking 
away from the road ahead, a 
manoeuvre which even skilful 
drivers sometimes find 
distracting. 

Light is projected from an 
electronic instrument display 
beneath the dashboard 
instruments, and then reflected 
from an adjacent holographic 
lens onto the windscreen. A 
second holographic lens reflects 
the light, carrying the image 
back to the driver. The image 
‘appears’ just above the front of 
the car, where the driver's eyes 
are focussed at a far field of 
vision where it can see the road 
ahead clearly. 

An advantage of the Battelle 
system is that it uses broad- 
spectrum light instead of lasers 
or other specialised light 
sources, to project a ‘real’ image 
of the car's actual instrument 
panel. 

Battelle say that their system 
has many applications besides 
car headup display, and is 
looking for licensees to develop 
such applications. 

More information from 
Renate Siebrasse, Operations 
Manager, Battelle Institute Ltd., 
15 Hanover Square, London 
WIR 9AJ. Tel. 01-493 0184. 
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GUARD DOG KIT 


f the best deterrent to a would 

be burglar are good locks on 
windows and doors, the next best 
is without a doubt a dog running 
around the premises. Dogs, 
however, have to be fed, walked 
and generally looked after and 
many people do not own a dog 
for these reasons. 

With the approaching holiday 
season in mind and many homes 
vacant with their owners away 
TK ELECTRONICS have 
produced an ELECTRONIC 
DOG KIT whose bark is 
definitely worse than its bite! It 
may be connected to a doorbell, 
pressure mat or any other 
intruder detector and will 
produce a random series of 
threatening barks making the 
would be intruder think again 
and try his luck elsewhere. 

The only food required is an 
18VDC or 12VAC supply which 
the dog consumes at 
approximately 4mA when not 


Screening Spray 

K Industries can now supply 

an electrically conductive 
coating which gives extremely 
efficient screening against RFI 
and EMI interference. A nickel 
powder in acrylic resin and 
aerosol packed, it can coat a 
variety of electronic and 
electrical housings including 
OK’s PacTec enclosures, It will 
adhere to most substrates and 
has a surface resistivity of 
0.70/em at 0.002 dry film 
thickness. Typical attenuation is 
50dB at 100MHz. Price is £6.50 
for a 200ml can. 


COUNTDOWN 


London. 0799-26699. 


Jun. 30. DEC Village 
Communications and- 


26699. 


01-323-7924. 


If you are organising any electronic, computing, electrical, 
scientific or radio-event, big or small, drop us a line; We'shall 
be glad to include it here. Send details to COUNTDOWN, 
Practical Electronics, 16 Garway Road, London,W2 4NH. 
PLEASE NOTE: Some events listed here may be trade only, 
or restricted ‘to certain categories of visitor. Also, please check 
dates, times’ and other relevant details with the organisers 
before setting out as we cannot guarantee information accuracy. 
Regular ~ weekly meetings of Grampian amateur Computer 
Society. Inverurie, Scots: 0467 24030. 

Jun. Series of software. training courses. by Ericsson 
Information Systems Ltd. Birmingham, 01-422 3442. 

Jun 16-18. ‘Scottish Electronics Technology Show. Scottish 
Exhibition Centre, Glasgow. 01-891-5051. 

Jun 17-18. Electronic Printing... Royal Lancaster Hotel, 


87 exhibition and . seminars« 
Networking. 
Hammersmith, London. 0494-26271, 


Jul 7-8. Telemetry UK. Bloomsbury Crest, London. 0799 
Aug 28-Sep 6. International Audio & Video Fair Berlin. Osi 
§29999. 


Sep 1-4. international Conference on Japanese Information 
in Science Technology and Commerce. University of Warwick. 


Sep 15. Outdoor Sound propagation MOA}, Open University, 
Milton Keynes. 031-225-21 43, 


) MARKET PLACE | 


barking. The kit is supplied with 
a high quality printed circuit 
board, all components, including 
a mains transformer and full 
instructions. A horn speaker is 
also supplied which is essential 
to produce the loud sound 
required, The “dog” can be 
adjusted to provide barks 
ranging from Terrier to an 
Alsatian, and contains special 
circuitry to produce a random 
series of barks giving a more 
realistic effect. While it will not 
bring you your paper and 
slippers in the evening, our dog 
will give you peace of mind and 
is guaranteed not to require 
“walkies” and will not chew your 
carpet. 

This wonderful creature is 
available to all constructors at a 
very economical price of only 
£21.95 + VAT. 


Contact: TK ELECTRONICS, 
13 Boston Road, London W7 3SJ. 
Tel: 01-567 8910 


Contact: J. Dornan, OK 
Industries UK Ltd., Barton Farm 
Industrial Estate, Chickenhall 
Lane, Eastleigh, Hants SO5 
5RR. Tel: 0703 619841. 


Novotel. Hotel, 


CHIP COUNT! 
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This month’s list of new component details received. 


27C128. CHMOS 128-kilobit Eprom, designed to meet 
low power an high performance requirements (IT). 
27C64A-BX & 27256-BXA. CMOS low power, high 


performance Eproms (ML). 


C-96, Compiler (not a chip) for Intel 8096 family of 


16-bit microcontrollers (IT). 


LC422, Low cost video pre A-D post D-A filters with 
sin x-x correction for Y,U and V channels (ME). 

LEM 100TP AC-DC sensor, An interface module for 
measuring and controlling AC, DC or pulse currents 


from 


0 to 150 amps , with a fast response time of less than 


1 microsecond (VS). 


NE5152BN ~ high performance triple 4-bit RGB video 
DAC operating operating at 50 MHz, and featuring an 
ECL based on-board colour look-up table (ML). 
RC-02 series. New 1% close-tolerance range of chip 
resistors to compliment the RC-01 series. Range from 
100 to 1M in the E24-E96 format (ML). 

TDD1742T. Single chip frequency synthesiser for 


portable transceivers (ML). 


VS451¥. Single-in-line, sharp cut-off, phase equalised 


video filter (MC). 


Manufacturers, and contact telephone numbers for 
further details. (IT) Intel. 0793 696204. (MC) MCP 
Electronics. 01-902-6146. (ME) Matthey Electronics. 


0782 85631. 
Verospeed. 0703-644555. 


Brush-Ups 

B' International 
announces the availability 

of a new &-page Brochure 

describing an extended range of 

interchangeable brushes for the 

ECT] Electric Cleaning Tool. 

The range now includes 
brushes in fibreglass, stainless 
steel, brass and nylon for a 
variety of applications including 
electrical contact cleaning, 
mould cleaning and polishing 
oxidation and rust removal, 
commutator cleaning and de- 
burring small metal parts. 

The high speed rotating brush 
quickly cleans and polishes 
material with the minimum of 
pressure. The tool is a lightweight 
10oz and operates from an 
integral rechargable battery or 
directly from the mains. 

Contact: Eraser International 
Ltd., Unit M, Portway Industrial 
Estate, Andover, SP10 3LU. Tel: 
0264 51347/8. 


(ML) Mullard, 


01-580 6633. (VS) 


P 
Universal Test Prod Kits 


lhe modular design of OK’s 

TPK400 series test prods and 
test prod kits for analogue and 
digital instruments enables the 
widest number of applications to 
be catered for, and for peak 
performance to be maintained 
by the easy replacement of 
damaged parts. The TPK400 
series adapts to any analogue or 
digital meter with 4mm inputs 
and the basic kit includes two test 
prods with tips, two sprung 
hooks, two stainless steel 
replacement tips, two insulating 
tips, two alligator clips and two 
IC chps. They also include heat 
and tangle resistant silicon 
banana cables. 

Contact: OK Industries UK 
Ltd, Barton Farm Industrial 
Estate, Chickenhall Lane, 
Eastleigh, Hants, SOS SRR. Tel: 
0703 619841. 
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Ultra Thin Printer 


A break through in compact 
printing mechanisms: the 
OEM Division of Epson (UK) 
Limited, announce the M260, an 
ultra thin 35/42 column printer 
just 1” high. Such a small size 
combined with the 1.5 Million 
line reliability make the M260 
the ideal printer for a wide range 
of point-of-sale receipt and 
ticketing applications. Epson 
claim that this new key product 
will ensure that they maintain 
their leadership in the emergent 
Electronic Funds Transfer 
applications market. 

The M260's key features are 
small size and low profile, easy 
load ribbon cassette, character 
and graphics ability, single and 
two colour print versions and 2.3 
lines a second print speed. The 
unit uses a seven solenoid shuttle 
head to achieve up to 42 columns 
on 76mm wide paper and can 
print characters either 
horizontally or vertically, and it 
also offers a red/black print 
facility. 

Epson envisage EPOS/EFT 
terminal, cash dispensers, 
vending machines, handheld 
terminals and automatic Test 
Equipment as likely applications. 
Its 12Vsupply additionally allows 
automotive or other portable 
usage. 

An appropriate control board, 
the BA260, interfaces the 
M260/M262 to a CPU. This 
operates in serial or parallel 
modes, has an on-board 128 
character set with user defined 
options and can handle two 
colour graphics printing. Also 
under development are an 
autocutter, a twin station model, 
(M280) a validation model for 
printing onto cheques etc and a 
24V head. The one off price for 
an M260 is £33.80 and £33.45 for. 
the M262. 

Epson (UK) Ltd claim to be 
the UK market leader in printers 
and yolume lap-top computers 
and to be the fourth largest 
supplier of IBM-compatible 
PC's. Additionally the company 
has a substanial computer-based 
components division with a 
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dominant share of the mini 
printer O.E.M. market. Epson 
(UK) Ltd is a member of the 
Seiko-Epson Corporation. 
Contact: Epson (UK) Ltd, 
Dorland House, 388 High Road, 
Wembley, Middlesex HA9 6UH 
Tel: 01-902 8892. 


More Printers 


Aa of smart new printer 

ranges have announced 
themselves at our door, A new 
intelligent colour printing system 
from Digital is being distributed 
by Rapid Systems. Known as the 
LCPO1, this is an ink-jet printer 
which boasts ‘presentation- 
quality’ output with 154 dpi 
resolution, eight colours and 216 
shades. An integral graphics 
processor and full page buffer 
allow it to be used effectively 
with small computers, holding a 
complete job in buffer while the 
computer is freed to run other 
applications. There are five built 
in fonts and the ability to mix 
type sizes, styles and colours. 

The LCPOL is supported by a 
variety of graphics packages, 
including Digital’s complete 
range of office information and 
graphics software. It is 
compatible with DEC Rainbow, 
VAX and DECmate III Plus as 
well as text/graphics terminals. 
Contact Rapid Systems, Rapid 
House, Denmark Street, High 
Wycombe, Bucks HP11 2ER. Tel. 
0494 450244. 

First Software are continuing 
to expand into the hardware 
market with two high quality 
daisywheel printers by 
Panasonic. The 110-column, 17 
cps KX-P3131 and 182-column, 
22 cps KX-P3151 are compatible 
with most business and personal 
computers, and feature logic 
seeking, parallel interface, 
margin/justification control 
switch and bi-directional 
printheads as standard. Serial 
interfaces, tractor feed and auto 
sheet feeder are available as 
optional extras. 

Contact First Software, 
Intec-1, Wade Road, Basingstoke, 
Hants RG24 ONE. Tel. 0256 
463344. 
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Maplin Testing Time 

HE new Maplin Catalogue 

features many new Testers, 
laboratory and workshop rather 
than medical. The “Star Buy” is 
a robust Hobby Multimeter unit 
which provides for accurate 
measurement of DC and AC 
voltages, direct currents, 
resistance and decibels on a 
linear meter. Price £8.95, 

Also new are a large range of 
Multimeters. including: Pocket 
Digital £24.95, Hobby Digital 
£28.95, Push-Button Digital 
£39.95, High Precision Digital 
£41.95, Auto Ranging Digital 
£45.95, Multi-Purpose Digital 
£64.95. Maplin state that this 
comprehensive range of 
multimeters places them in the 
forefront of the marketplace. 
They can also provide the battery 
power required to keep the 
testing gear up and running. 
Their Standard nickel-cadmuim 
Battery Charger has been 
reduced to just £6.95, and 
features a battery-test facility. 

Another price reduction to 
£7.95, is the popular Maplin 
Universal Charger. Both units of 
course can only be used with 
rechargeable cells and batteries 
which are available from Maplin 
at highly cost-competitive prices. 

Also highlighted in the new 
CATALOGUE are a range of 

products designed to keep a 
healthy user profile. A further 
“Star Buy” at only £5.95 (note-all 
Maplin prices include vat) is the 
Digital Clinical Thermometer. 
The LCD readout measures 
temperatures in the range 89.6° 
to 107.6°F Then there is a Pocket 
Meter Digital Thermometer 
features internal and external 
sensors, clock and alarm warning 
facility, price £14.95. The Dual 
Scale Digital Thermometer at 
£9.95 is designed for use in the 
car, home, greenhouse and 
office. Features include clock, 
internal and external sensors. A 
highly versatile Digital 
Thermometer Module provides 
and LCD display and circuitry on 
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asmall pcb with battery housing. 
Basic unit £6.95 (with Probe 
Module £9.60). 

Also new this year is a fully 
automatic Blood Pressure Tester 
with LCD readout and built-in 
printer. The easy to use unit costs 
just £99.95, Meanwhile, the 
Maplin Digital Blood Pressure 
Tester which features LCD 
readout displaying the systolic 
and diastolic pressure and pulse 
rates, is available 49.95. 
Contact: Maplin Electronics 
Supplies Ltd. PO Box 3, Rayleigh, 
Essex, SS6 8LR. Tel: 0702 
5541550. 


BT TV Satellite-Ready 


Bu Telecom have 
announced two major 
agreements to distribute UK 
television programmes by 
satellite into Europe. 

BTsay that this is an important 
step forward for TV distribution 
by satellite, and that they are the 
European leader in this field, 
seeking to secure the future of 
UK television programmes 
distributed by satellite into 
Europe. 

They have signed an 
agreement with EUTELSAT, 
the European satellite 
consortium, for up to eight of the 
transponders on the Eutelsat 2 
medium-powered satellite due to 
be launched in the late 1989. BT 
has also signed an agreement 
with Societe Eurpopeenne des 


PCB Holder 


ybar Electronics announces 

the availability of a Printed 
Circuit Board Assembly Holder, 
the Model WY-01. 

This is designed to reduce 
assembly times of PCBs of up to 
210mm x 180mm, as used in the 
electrical and electronic 
industries. 

It features an adjustable 
mounting rail which is spring 
loaded for easy insertion and 
removal of boards. The rail may 
be adjusted to allow two rows of 
smaller boards to be assembled 
simultaneously, or may be 
removed to accommodate larger 
boards. The lid is lined with 
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Satellites (SES) of Luxembourg 
for up to eleven of the 
transponders on their ‘Astra’ 
satellite due to be launched in 
1988. These transponders from 
the UK can carry a mix of 
English and other language 
programmes. 

Both of these second 
generation satellites offer high 
power, permitting reception on 
smaller antennas and 
substantially improving market 
prospects for companies 
producing TV programmes for 
distribution. 

Reception is presently limited 
to about 10 million homes across 
Europe accessible via relatively 
large (3.7 metre diameter) 
antennas and local cable 
networks. The higher power of 
the new satellites would enable 
the TV companies to target 
community systems and 
individuals more effectively. 

The greater power of the 
Eutelsat 2 and ‘Astra’ satellites 
should permit reception using 
dishes as small as 60cm in 
diameter in an area bounded by 
Edinburgh, Stockholm, Milan 
and Bordeaux. 

The agreement with SES also 
involves joint marketing between 
BT and SES of the considerable 
opportunities for the reception 
of new programmes in the 
United Kingdom. British 
Telecom plans to open a new 
aerial as its London Teleport to 
transmit programmes up to the 
‘Astra ° satellite. 


anti-static foam to hold 


components securely. 

To use the unit, the board is 
inserted between the rail and 
frame, and the components are 
inserted in the board. The 
foam-lined lid is closed and 
latched at the front. The unit is 
raised, swiveled and turned over, 
exposing the back side of the 
PCB, enabling the components 
to be trimmed and soldered. 
The Model WY-01 measures 
260m x 267mm overall, and 
weighs 1.4Kg. 

Contact: Wybar Electronics, 
Unit M, Portway Industrial 
Estate, Andover SP10 3LU. 
Tel: (0264) 51347/8. 


EWS AND MARKET PLACE 


PL/M Compiler for PC’s 


‘arren Point International, 

the European supplier of 
Intel-compatible compliers and 
development tools, has 
announced an adyanced PL/M 
development package for the 
IBM PC. Called Experts-PL/M, 
the package provides a highly 
efficient and economical means 
of developing and maintaining 
real-time software for Intel 8085 
and Zilog Z&0 microprocessors 
and the similar high-speed 
Japanese chips. Unlike other 
PL/M compliers, Experts PL/M 
isanative DOS package, thereby 
taking full advantage of the 
features of the operating systems. 


Experts-PL/M on PC’s has 
been developed for two main 
markets, Firstly, to offer 
unprecedented flexibility and 
economy for the many thousands 
of companies which already have 
large investments in the PL/M 
language. Secondly, it provides 
an advanced and remarkably 
inexpensive development 
environment for new projects 
planning to use the 8085, Z.80 or 
similar processors. Recent 
surveys have shown a continued 
rapid increase in the number of 
new developments using 8-bit 
chips such as the 8085 and Z80, 
The PL/M language is renowned 
for being particularly well-suited 
to such developments. 


The major component of the 
package is a new PL/M compiler 
which generates highly optimised 
code in the Intel MCs-85 object 
module format, Since it compiles 
a true superset of the PL/M-86 
language, user's existing PL/M- 
80 and PL/M-86 source module 
will compile and execute without 
modification. And for the new 
software, the compiler provides 
a host of useful new features not 
found in PL/M-86, including 
structures within structures, 
explicitly based references, a 
fully-delimited IF block 
structure, and UNDO statement, 
and the relaxation of restrictions 
on reserved words and 
DECLARE statements. 


Whilst the compiler is fully 
compatible with that originally 
provided by Intel, it produces 
much more optimised code. 
Code size reductions of up to 20 
percent have bee achieved. 
Other components of Experts- 
PL/M are the Assembler, 
Relocation and Linking Tools. 
The complete package costs £799 
with special arrangements 
available for site licencing. 


Contact: Warren Point 
International Limited, Babbage 
Road, Stevenage, Herts, SGI 
2EQ. Tel: 0438-316311. 
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DOLBY COMPETES WITH DIGITAL 


Dolby’s new Special Recording noise reduction system can give 
analogue audio the same quality as digital — but at a 
much lower cost. 


HE name Dolby has become a house- 

hold word, It is twenty years since 
Ray Dolby, now Dr. Ray Dolby OBE, 
invented the A-type noise reduction 
system which lowers the background 
noise you get from magnetic tape. His 
invention did much more than reduce 
tape hiss and make him a rich man. 

The use of noise reduction makes it 
possible to reduce the width of indivi- 
dual tape tracks. So there can be more 
tracks on a single length of tape. This is 
what made multitrack pop recording 
possible; with A-type encoding 8, 16, 24 
or even 32 tracks can be squeezed 
together on a single tape. A-type 
encoding divides the signal into several 
fixed frequency bands and in each band 
separately boosts any weak sounds 
found in that band. The artificially 
boosted sounds thus stand out over tape 
noise when a recording is made. When 
the tape is replayed, mirror image 
attenuation puts the wanted sounds back 
down to their intended level and reduces 
noise of similar frequency. 

The B-type system came a few years 
later. It was a simplified version, 
designed for domestic use. The same 
processing is carried out in a single band 
of a width which varies with the signal 
content. B-type encoding reduced the 
hiss of narrow tape and thereby made 
the Philips cassette potentially a hi-fi 
medium. 

The C-type system, which is 
essentially a doubled B-type, reduces 
hiss even further. It was developed in 
the early 80s when the Japanese 
electronics industry told Ray Dolby that 
they needed a more powerful system and 
feared chaos if everyone went off in 
different directions. 

Now Ray Dolby has developed 
Spectral Recording, which can produce 
results on an analogue recorder which 
are comparable to the results you get 
from a digital recorder costing several 
times the price. 

Ray Dolby was in London recently 
giving the tenth anniversary lecture to 
the Institute of Broadcast Sound, at the 
BBC’s Paris studio. He gave some 
interesting background to the dry 
technology of noise reduction. 

While still a student in California, in 
the 50s, Dolby worked with Ampex on 


the world’s first video recorder. He then 
came over to Pembroke College in 
Cambridge, ona scholarship, for further 
study. His rooms in college were fifty 
yards from the chapel and he ran a 
microphone line through from the 
chapel to an Ampex audio recorder in 
his room. 

“That was when I became interested 
in signal-to-noise ratios”, said Dolby. “I 
could compare line-in with line-out very 
easily”. 

The A-type system improved signal to 
noise ratio by around 10dB. Most of the 
studios Dolby approached in the sixties 
said they weren't interested in S/N, 
arguing that they could already get all 
the dynamic range-they needed just by 
using good quality tape. But the Decca 
studios in London said they were 
interested in improving dynamic range. 
They bought the first pieces of A-type 
equipment as a test. Although probably 
even Ray Dolby doesn’t know it, one 
reason why Decca bought the equipment 
was that their studios in West Hampstead 
were coming up to the end of their 
financial year, and had some budgeted 
cash left over. Decca used the A-system 
for stereo recording, and then other 
studios adapted it for multi-track. 

Dolby says he calls his new system 
Spectral Recording, or SR, because he 
wants to get the message across that it 
is much more than simple noise 
reduction. “It must have been rather like 
that with Henry T. Ford”, say Dolby. 
“One day he thought it would be a good 
idea to stop calling his new invention a 
horseless carriage, and christen it the 
motor car instead”. 

There is heavy pressure on the 
recording and broadcast industry to 
change over from analogue to digital 
technology. The pressure is technical, 
because the results are so good, and 
commercial, because record producers, 
engineers and artists want to use the 
most modern equipment. 

“In the early 80s”, says Ray Dolby “I 
looked at digital PCM recorders and saw 
all the complexity. I wondered about 
what would happen if someone threw 
that amount of electronics at an 
analogue system”. SR is the result of 
that thought. What was seen as a one or 
two year project, took more than five 


years to finish. 
In simple terms the SR circuit is a bank 
of variable filters, all of which are 


independently responsive to the 
amplitude and frequency content of the 
signal being recorded. Different levels 
of signal are boosted by different 
amounts at different frequencies, The 
system is dynamic to the point of being 
almost infinitely flexible. 

The decoder playback circuitry works 
in exactly the same way as the recording 
encoder, except that the phase 
relationships are opposite. This gives an 
accurate mirror image effect, i.e. 
whatever signal was boosted at the 
recording stage is reduced by exactly the 
same amount on playback. 

Recording studios are now taking 
delivery of SR processors (at around 
£550 per channel compared to £300 per 
channel for A-type noise reduction) and 
the first LP records made with the 
process should soon be on the market. 
The public will of course not be aware 
of this (unless the sleeve has an SR logo) 
because all the necessary decoding is 
done when the master tape is transferred 
to master disc. 

It is not widely appreciated that all 
Dolby systems have one thing in 
common. Strong signals, which need no 
noise reduction processing, pass straight 
through the encoder untouched. Low 
level signals, which need processing, are 
fed through a chain. So all the processing 
is done in a side chain and it only affects 
low level signals. 

Most noise reduction systems work by 
processing all the signals, and this is what 
makes them so susceptible to nasty side 
effects like noise modulation; processing 
some signals audibly affects others. 

Because SR, like all Dolby systems, 
processes only those parts of the signal 
that need processing, any quiet sounds 
are artifically amplified before they are 
recorded onto tape. When an SR master 
tape is played back without decoding, 
any unwanted studio sounds like 
breathing or clothing rustle — become 
absurdly loud. When the master tape is 
decoded, the background sounds are 
pushed back down to their normal level, 
and tape hiss is killed. The results are 


truly dramatic. 
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CONSTRUCTIVE COMMENTS 


t may seem surprising to habitual project builders, but the 

motivation for constructing projects is occasionally queried 
by some readers. 

Certainly it is true that some hobbyist circuits are available as 
similar commercially built units, and it is not my intention to 
deny the importance of these products. However, if you look back 
at various magazine circuits, in many cases you simply won't 
find their direct equivalents as manufactured units. 

Some ideas, for example, may perhaps only appeal to a 
comparatively small proportion of the public, and the potential 
ready-made sales value may be outweighed by production costs, 
making them commercially unviable. Often though, those who 
write for PE and other electronics magazines, probably do not 
have business overheads to consider. They only have to stand 
the design costs, and then profit from the publication fees they 
receive. When readers are likely to find advantage from these 
ideas, they become ideal constructional publishing material. 

Additionally, published ideas are occasionally so original that 
manufacturers have not implemented them, and readers then 
gain from true innovation. PE has a strong tradition for publishing 
such good ideas, some of which have been patented. 

Naturally, there are occasions when commercial equipment 
has its close equivalent in a published article. This would not 
breach copyright, but would show that another, equally valid, 
approach can be made to a common subject. In this case, DIY 
can frequently be cheaper since the hobbyist’s own free time 
will replace manufacturing /abour costs. Only the parts have to 
be paid for, assuming that inadvertent mistakes are not made. 
Even if they are, most people will benefit by learning from them. 

‘Learning by doing’ is as true for electronics as for other 
disciplines, and the best way to understand anything is to find 
out how it works, or why it doesn’t. With electronics this can be 
achieved by experimentally connecting parts together and 
discovering what happens. At its simplest level, just varying and 
observing the effects reinforces theoretical understanding. At a 
higher level, assembling a full project teaches systems 
integration, and also provides a test bed for detailed functional 
analysis, as well as being useful for its own sake. 

Much of the pleasure | gain from electronics originates from 
functional analysis, often starting from the question of ‘what 
happens if... Inquisitive examination of interconnected 
components resulting in’ working models has enormous 
satisfaction, though for me, just the assembly on its own is as 
much a hobby as part of a job. 

lf you are not already addicted to electronic construction, | 
recommend that you try it. It can be a very rewarding, satisfying, 
and low cost form of entertainment, and learning. Although some 
projects use hi-tech ideas, their implementation does not always 
need hi-tech ability — just care and interest. 


THE EDITOR 
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CONSTRUCTIONAL PROJECT 


Useful for a wide range of 
test applications, this 
CMOS project can 
generate binary words 
from 2 to 16 bits, free 
running or triggered, with 
straight or return-to-zero 
output 


= 


he word generator described in this 

article is an item of test equipment 
which generates a binary word of up to 
16 bits in length with the option of 
producing either a straight binary 
output, i.e, a sequence of logic ones and 
noughts or a return to zero (RTZ) 
output where the output returns to a 
logic 0 between consecutive logic ones. 
The word may be either continuously 
repeated (free running) or be triggered 
from an external signal. 

As with any piece of test equipment 
a balance must be struck between 
providing a multiplicity of control 
facilities and simplicity of operation. In 
this design a number of optional features 
are suggested which increase the 
flexibility of the equipment but also add 
to the number of controls to be 
accommodated on the front panel. 

The generator is constructed using 
4000 series CMOS logic throughout. 
Other logic ranges and technologies 
could be used if higher speed operation 
is required. 


APPLICATIONS 


Some possible applications for the 
word generator are indicated below. The 
list is by no means exhaustive and later 
in the article methods of testing will be 
discussed in greater detail. 


The generator may be used to test 
serial to parallel data converters by 
generating a word of the desired length, 
incrementing the serial word by a known 
amount and observing the change in the 
converter output. It is also useful for 
checking serial data acquisition systems 
where, for example, a number of remote 
stations signal to a central station over 
a common path. The generator can be 
used to simulate each of the stations in 
turn. 

Binary signals having a mark-space 
ratio ranging from 1:15 to 15:1 can be 
generated to test the performance of 
data modems. The generator ‘Clock’ 
output provides suitable synchronisation 
to observe ‘eye’ diagrams on an 
oscilloscope. 

A less obvious application is in 
providing a delayed trigger for an 
oscilloscope. If a trigger signal is applied 
to the External Trigger input of the 
generator, and the oscilloscope trigger 
input connected to the Data output, the 
oscilloscope will be triggered when the 
data output changes to logic 1 level. With 
only one bit set to a logic 1 the delay 
will be equal to the number of bits set 
to logic 0 before the bit set to logic 1. 
The duration of each bit is determined 
by the clock rate so a ‘fine’ control of 
delay can be obtained by adjusting the 
data rate Fine control. 


WORD 
GENERATOR 


PART ONE BY JOE CHAMBERLAIN 


Binary words for test signals 


The receive section of UARTs 
(Universal asynchronous receiver 
transmitter) can be tested by setting the 
word length to account for start, stop 
and parity bits in addition to the data 
word. The effect of changing any one or 
more parameters can then be 
established. The performance of DC 
restorer circuits to differing patterns of 
binary signals can also be checked. 


FACILITIES 


The basic facilities available are:— 

a) An internal variable frequency 
clock covering the data rates from 
20 bits/second to 20,000 bits/second 
in three ranges, either free running 
or triggered. 

b) A set of data selector controls 
which allow each bit in the 
generated word to be set to a logic 
1 or logic 0 level. 

c) A word length selector which 
permits the number of digits in the 
word to be set to between 2 and 16 
bits. 

d) Data mode controls: normal or 
invented, and binary or return to 
zero. 

The output circuit will sink a 
maximum current of 50mA in the logic 
0) state and source current from a 480 
ohms resistor. The amplitude of the 
output signal is continuously variable 
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Fig.l. Block diagram of Word Generator 


CLOCK 
SELECT 


INTERNAL ANT. 


CLOCK PULSE 
GENERATOR 
from two volts to ten volts. 
e) Access available to the internal 
clock and to a synchronising signal 
when repetitive waveforms are to 
be observed. 


CIRCUIT DESCRIPTION 


A block diagram of the generator is 
shown in Fig.l. The internal clock 
generator drives a binary counter via the 
Clock Select switch. The binary counter, 
which counts on the negative clock 
edges, generates the switching signals 
required by the data selector multiplexer 
to read each data input in sequence. 


When the counter outputs are 0000 on 
the four output lines the data selector 
reads input 0. As the count increases to 
1111 the subsequent data inputs are each 
read in turn, output 15 corresponding to 
1111. The binary signal on the data inputs 
is controlled by the setting of the data 
control switches. 


The counter output also drives the 
word length selector. This is a 4-bit 
comparator which generates an output 
when the counter output corresponds to 
the setting of the four switches which 
form the word length selector. The 
output from the comparator remains at 
a logic 1 level for the duration of one 
clock period, after which it restores to 
logic 0 level. This signal is inverted by 
the sync output buffer and is available 
as a synchronising signal output. The 
trailing edge of the pulse is used as a 
reset signal for the counter, internal 
clock and trigger store. 
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RESET 
LINE 
SYNC. PULSE 


DATA 
CONTROL 
SWITCHES 


DATA 
SELECTOR 


CONTROL, 
LENGTH 
SELECTOR 


OUTPUT LOGIC 
AND POLARITY 
SELECTOR 


The data output from the data selector 
multiplexer is connected to the D input 
of a ‘D’-Type flip flop which is clocked 
from the same signal which drives the 
binary counter, but it operates on the 
rising clock edge. This ensures that a 
clean signal is presented to the flip flop 
input and prevents race conditions 
occuring due to the switching time of 
the multiplexer. One effect of this is to 
delay the output by half a clock period 
in relation to the sync output. Clock 
output, typical data word, syne output 
and reset pulse waveforms are shown in 
Fig.2. 

The first output buffer gate is used to 
generate a return to zero output signal 
when the RTZ switch is closed. The 
second gate has its supply voltage 
controlled from a variable constant 
voltage source to provide a control of 
output level. 


CLOCK OUTPUT 
FROM IC9q 


DATA OUTPUT 
FROM IC10b 


BIT NUMBER WORD 
LENGTH CONTROL 
SET TO"10" 


SYNC. OUTPUT 
FROM IC9b 


RESET PULSE 
DERIVED FROM 
SYNC. SIGNAL 
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CIRCUIT OPERATION 


The detailed operation of the circuit 
is described with reference to the circuit 
diagram Fig.3. The internal clock is 
formed by integrated circuits IC1,2 and 
3. IC1 is an astable/monostable multi- 
vibrator with very stable operating 
characteristics. The device is connected 
in an astable configuration and can be 
gated by application of a positive voltage 
to pin 5 so that for free running 
operation this pin is taken to the positive 
rail via a 10k resistor. The Q output is 
used to drive the first clock input of a 
dual binary coded decimal (BCD) 
counter IC2. The output of the first 
counter is connected to the input of the 
second to provide clock pulse rates 
divided by 10 and 100 respectively. The 
complementary output of IC] and the 
outputs from the two BCD counters are 
connected to the data range switch $21. 
As the outputs from the BCD counter 
IC2 are not symmetrical the output from 
$21 is connected to the input of a ‘D’- 
Type flip flop IC3, connected as a divide 
by two stage to ensure an exact 50:50 
mark space ratio clock signal for the data 
multiplexer and output stages. 

The data selector ICS is a 16-bit 
analogue multiplexer. Each of the data 
inputs is tied to the positive supply rail 
via a 6k8 resistor and connected to earth 
by a data switch. Thus if a switch is open 
the multiplexer will output a logic 1 
level, and if the switch is closed a logic 
0 level will be output. The multiplexer 
which acts as a rotary switch reads the 
data inputs from 0 to 15 in sequence 
under the control of the binary counter 
IC4. This counter is clocked either from 
the internal timing signal or from an 
externally derived clock, This option is 
selected by switch S22. 

The output from the multiplexer is 
connected to the D input of IC7b which 
is a ‘D’-Type flip flop clocked from the 
same signal which drives IC4, but 
operating on the opposite clock edge. 
Normal and inverted data outputs are 
then available from the two outputs of 
the flip flop and are selected by switch 
$24. 


Fig.2. Output wave forms for word length control set to 10. 
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TRIGGER 
INPUT PULSE 


TRIGGER 
STORE_|NPUT 
ICTa PING 


TRIGGER 
STORE OUTPUT 
IC7a PIN 1 


SYNC. PULSE 
OuTPUT 


RESET PULSE 
FROM C2, R37 
TO TRIGGER 
STORE PIN 6 


Fig.4. Trigger operation 


1C6 is a binary comparator which 
outputs a logic 1 level only when the 
binary magnitude of the four A inputs 
corresponds to the magnitude of the four 
B inputs. The binary signal applied to 
the B inputs is defined by the settings 
of S17 to $20, the word length selector 
switches. When these switches are closed 
the binary input signal is logic 0 and 
when open, logic 1. When the counter 
IC4 output exceeds the binary 
magnitude set on the four switches the 
comparator output returns to logic 0. 
The comparator output is inverted by the 
sync output buffer IC9b and the trailing 
edge of the positive going pulse is 
differentiated by C2 and R37, so 
generating a pulse to reset the counters 
and trigger Store IC7a. Diode D3 is 
provided to prevent the negative 
transition of the differentiated signal 
going below the 0 volt supply rail with 
the consequent danger of damage to the 
integrated circuits to which the pulse is 
applied. 


When operating in the triggered mode 
the clock IC1 is held inoperative by the 
logic 0 level applied to its control input 
from the ‘D’-Type flip flop IC7a. This 
control signal changes to a logic 1 level 
when a positive transition is applied to 
the clock input pin 3. The clock then 
runs until the comparator output 
changes from logic 1 to logic 0 when the 
reset restores the output of IC7a to logic 
0. 


The waveforms associated with 
triggered operation are shown in Fig.4. 
The duration of the trigger pulse (t1) is 
not critical for circuit operation as only 
the falling edge of the signal is used. The 
duration of the word (t2) is determined 
by the word length and clock rate. 


INPUT CIRCUITS 

The trigger and external clock input 
circuits are identical in configuration and 
use the two sections of a dual 
comparator, IC8, connected as level 
detectors. The level at which the 
detectors operate is determined by the 
biasing resistors R26 and R27, and R30 
and R31 respectively, and is set to 
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approximately 2 volts. As the output 
from this comparator is an open 
transistor collector, pull up resistors R33 
and R34 have to be provided, The 
hysteresis of the level detectors is 
controlled by resistors R28 and R32. It 
should be noted that these circuits invert 
the input signals so that a negative 
transition is required on the trigger input 
to initiate word generation. 

Input protection is provided by zener 
diodes D1 and D2, which prevent signals 
of greater than +12 volts or —0.7 volts 
being applied to the comparators. 


OUTPUTS CIRCUITS 


Clock, Sync and Data outputs are 
derived from CMOS buffer driver gates 
1C9a, IC9b and IC10b, type 40107. These 
gates have open collector ouptuts and 
are capable of sinking a maximum 
current of 50mA. Output current is 
sourced from the collector pull up 
resistors R35, R38 and R42 respectively. 
Series resistors are installed in each 
output line to provide some degree of 
protection to the gates if low resistance 
voltage sources such as power supplies 
are accidentally connected to them. For 
maximum current sinking capacity the 
resistor value specified is 10 ohms, but 
if the unit is not required to sink much 
current (for example if it is only used to 
drive CMOS circuits) it is strongly 


Fig.6. 12 volt power supply 


recommended that the value be 
increased to 100 or even 1000 ohms. 

In some of the author’s test equipment 
an Output switch has been incorporated 
to switch the protection resistors as 
shown in Fig.5. 


Fig.5. Method of switching output 
resistance 


The data output level is controlled by 
variation of the supply voltage to the 
collector load resistor R42 by means of 
the emitter follower transistor TR1 
which functions as a constant voltage 
source. The clock output may be 
similarly controlled if desired. The Syne 
output however should be maintained at 
the full 12 volts unless a further buffer 
stage is fitted as this output also provides 
the system reset. F 


POWER SUPPLY 

A circuit diagram of the power supply 
is shown in Fig.6. The power supply is 
of conventional design and uses a series 
stabiliser type 7812, IC11, fed from a 
bridge rectifier D4 to provide a stable 
12 volt supply. To conform to current 
safety standards the mains transformer 
should be either double wound or 
incorporate an earthed screen between 
primary and secondary windings. Care 
should be taken to connect the earth of 
the mains supply and the transformer 
screen to the chassis as shown. The mains 
ON/OFF switch S26 must be capable of 
switching a 240 volt a.c. supply. 

An indication that the unit is operative 
is provided by the LED D5 connected 
across the power supply output in series 


[Buca] 


with a 1k resistor R46. Capacitors C5 
and C6 are provided to ensure that the 
series regulator does not oscillate. The 
mains fuse Fl should be rated at 1 Amp 
and be of the surge resistant variety to 
cater for the initial current drawn by 
capacitor C4 at switch on. 
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Fig.7. PCB layout details 


Before switching on, thoroughly 
examine the PCB for possible track 
shorts and poor solder joints. 


CONSTRUCTION 


The prototype unit was constructed 
on Veroboard, but a suggested printed 


m ror Ww 


x= Ta 


BC 


circuit is shown in Fig.7. and is available 
through the PE PCB service. 


NEXT MONTH: Part Two will continue 
the constructional details, and describe 
the final alignment. 
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SIGNAL 


DIGITAL AND | 
ANALOGUE 


PROCESSING 


PART ONE BY THE PROF 


DESIGN FEATURE | 


Noise reduction touches 
most people as an 
essential part of hi-fi 
sound reproduction, but 
the techniques involved 


appear at several stages 
in the record/replay 
process, and can also be 
used for creating sound 
effects 


THE SEARCH FOR A CLEAN SIGNAL GOES ON 


suppose that in an ideal electronics 

world there would be no need for 
most types of signal processing, but in 
the real electronics world signals become 
polluted with noise of one sort or 
another, and some form of processing 1s 
needed to give an output that is 
reasonably faithful to the orginal. In the 
past this processing has mostly involved 
the manipulation of signals in their 
original analogue form, but more 
recently it has taken the form of digitiz- 
ing the signal and then recovering the 
original signal (possibly after carrying 
out some digital manipulation). In this 
first article we will consider some of the 
standard forms of analogue signal pro- 
cessing, and in the second part we will 
take a look at digital processing. The two 
types of signal processing are perhaps 
not as clearly divided as one might 
expect, and some digital processing is 
analogous (or should that be digitus?) 
to established analogue processing. 
Also, it is not uncommon for circuits to 
use a mixture of analogue and digital 
signal processing. 


NOISE ABATEMENT 


Most signal processing is concerned 
with the reduction of noise of one kind 
or another, and this is often in the form 
of the all too familiar background ‘hiss’ 
that is generated by any linear circuit. 
All components generate a certain 
amount of noise, mainly due to random 
electron movement due to thermal agita- 
tion, and even the humble resistor can 
produce significant amounts of noise 
when really low signal levels are in- 
volved. Using special low noise com- 
ponents in low current circuits can 
minimise noise problems, but it will fail 
to abate them completely. 

The most fundamental form of noise 
reduction is to apply some form of filter- 
ing to the output signal, and this is gener- 
ally in the form of simple lowpass filter- 
ing. This works quite effectively, as 
although background ‘hiss’ is made up 
from signals over the entire audio 
spectrum, it is generally the high 
frequencies that are strongest and most 


PRACTICAL ELECTRONICS JULY 1987 


noticeable to human hearing. The 
obvious drawback of this method is that 
it is not only the noise that is attenuated 
by the filtering, for some of the wanted 
signal is diminished as well. 

There is a way of avoiding this 
reduction in overall bandwidth, and this 
is to add complementary high frequency 
boost at the input of the system so that 
the lowpass filtering at the output does 
no more than compensate for this and 
give a frequency response that is flat 
overall. This is a common ploy which is 
used in both a.m. and f.m. broadcasting, 
as well as disc recording, etc. The treble 
boost is termed ‘pre-emphasis’, and the 
treble cut is called ‘de-emphasis’. This 
system involves very little additional cost 
and complexity, but the increase in 
performance it provides is commen- 
surate with this. Too much treble boost 
would result in signals with a strong high 
frequency content being clipped and 
severely distorted. Using only a moder- 
ate amount of treble boost avoids this, 
but permits only a limited amount of 
treble cut to be used at the output of the 
system with a correspondingly small 
amount of noise reduction. 


DYNAMIC SYSTEMS 


For larger amounts of noise reduction 
some form of dynamic system is 
required. In its most basic form this 
consists of a dynamic lowpass filter, as 
used in the Philips d.n.r. (dynamic noise 
reduction) system for example. The filter 
provides strong lowpass filtering under 
quiescent conditions, with typically a 
12dB per octave roll-off above about 4 
or 5kHz. However, as the signal level 
increases, so does the cutoff frequency 
of the filter. With the input at its 
maximum level the cutoff frequency is 
pushed up to something like the upper 
limit of the audio range. 

This seems, on the face of it, unlikely 
to work well in practice, but surprisingly 
the shifting cutoff frequency of the filter 
is not apparent to the listener. Neither 
is the rise in background noise on 
medium and high level signals normally 
noticeable either, since the noise tends 


to be masked by the signal. This can not 
be guaranteed, since strong bass signals 
will not effectively mask high frequency 
‘hiss’, and there is a risk of the action 
of the circuit being clearly audible on 
awkward signals. This is usually counter- 
acted by weighting the filter driver 
circuit so that it responds much more 
readily to high frequency signals than it 
does to low and medium frequency 
types. Strong low frequency signals then 
fail to lift the filtering significantly and 
are not accompanied by any noticeable 
increase in the noise level. 

This method of noise reduction is less 
than hi-fi since there is some loss of the 
wanted signal during periods of low 
signal level. It still works quite well 
though, in that the full audio bandwidth 
(or something close to it) is provided on 
high level signals, so that it does not 
impair the impact of loud and strident 
passages of music. It is certainly much 
more effective than straightforward 
lowpass filtering, and it has the advant- 
age of being a single-ended system. 
Dynamic noise reduction will therefore 
operate properly with any signal, and 
not just with one that has been suitably 
encoded. Units of this type have been 
described in previous issues of PE, and 
the circuitry involved is not something 
that will be dealt with here. 


DYNAMIC DUOS 


A double-ended noise reduction 
system, where the signal is processed at 
the input and then subjected to comple- 
mentary processing at the output, offers 
better performance than a single-ended 
type, with no loss of frequency response 
at any volume level. Pre-emphasis and 
de-emphasis is in fact a double-ended 
system, but for the reason explained 
previously, this passive system offers 
only a _ limited improvement in 
performance. 

Dynamic double-ended systems can 
provide massive improvements in signal 
to noise ratio. One of the best known, 
and one of the simplest, is the Dolby B 
noise reduction system. On playback 
this is similar to a d.n.r. unit in that it 
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Fig.l. Typical Dolby B record/playback responses. 


provides lowpass filtering which is 
steadily lifted as the dynamic level 
increases. The frequency responses are 
totally different though, and the Dolby 
B system starts to introduce the filtering 
at a relatively low frequency of about 
500Hz. The roll-off rate is quite low 
though, and the maximum attenuation 
at high frequencies is only about LOdB. 
The lowpass filtering at the output is 
counteracted by dynamic highpass filter- 
ing at the input which gives about 10dB 
of high frequency boost at low signal 
levels, decreasing to zero boost at the 
maximum signal level. Fig.1 shows 
typical Dolby B_ recording/playback 
responses at three levels. 


As there is no boost/cut at high 
dynamic levels, this system does not 
result in clipping if the signal contains 
strong high frequency components. It is 
used in addition to normal pre-emphasis/ 
de-emphasis, and gives a weighted 
improvement in the signal to noise ratio 
of about 10 or 12dB. This is not a very 
large improvement, but it gives a large 
enough boost to cassette tape perform- 
ance to raise this medium to true hi-fi 
standards, and can also be used to good 
effect with reel to reel tape machines. 
In fact Dolby B can be used to good 
effect on other mediums which suffer 
from ‘hiss’ type noise problems, and I 
believe it has been used by some f.m, 
radio stations in the U.S.A. Although 
the noise reduction it provides may not 
be very large, it has the advantage of 
giving acceptable results when Dolby B 
encoded material is played back through 
equipment which does not have a suit- 
able decoder (preferably with the treble 
control backed-off slightly). 

There is an integrated circuit which 
requires the addition of just a few 
discrete components in order to provide 
a fully working Dolby B_  encoder/ 
decoder, but this is only available to 
suitably licensed equipment manufac- 
turers. Incidentally, there is a Dolby A 
system, but this is a professional noise 
reduction system. This is rather more 
sophisticated than Dolby B in that the 
audio signal is split into four bands which 
are processed separately. This has the 
advantage of providing noise reduction 
over the full audio range instead of just 
at high frequencies, and Dolby A com- 
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bats any form of noise. It also means 
that the decoder will only lift the filtering 
in a particular band if there is a strong 
signal within that band, and this avoids 
having (say) a high frequency signal lift 
the low frequency filtering so that mains 
‘hum’ or other low frequency noise 
becomes audible. Remember, the mask- 
ing effect is only effective if the noise 
and signal to mask it are in similar 
frequency ranges, and at high signal 
levels there is no significant reduction in 
the noise level. 


DOLBY C 


In pursuit of greater performance an 
improved Dolby noise reduction system 
for consumer hi-fi equipment was devel- 
oped and (not surprisingly) this is called 
Dolby C. In essence it is very much the 
same as the B system, and the signal is 
fed to what are effectively ordinary 
Dolby B encoders and decoders. How- 
ever, these are augmented by additional 
encoder and decoder stages which 
provide increased boost and cut at low 
signal levels. At maximum boost the 
response starts to rise below 100Hz, 
reaching the maximum (+10dB) boost 
of the Dolby B system at 300Hz, and 
achieving about 20dB of boost at around 
3kHz to 6kHz. The response then falls 
away somewhat, with the boost at the 
highest audio frequencies being no more 
than the + 10dB of the Dolby B system. 

The complementary cut during play- 
back gives an effective improvement in 
the signal to noise ratio of around 20dB, 
which is some 8dB to 10dB better than 
Dolby B. Reasonable compatibility is 
achieved with the Dolby B system, but 
the larger amount of boost used during 
recording gives poorer compatibility 
with systems that lack either form of 
decoder. 
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COMPANDERS 


So far we have only considered 
systems which process the signal using 
some form of frequency selective mech- 
anism. This is not essential though, and 
a noise reduction system can operate 
over the entire audio band. This has the 
advantage of reducing any form of noise 
and not just high frequency ‘hiss’, and 
very large increases in the effective 
signal to noise ratio can be achieved. 
There is a disadvantage in processing the 
whole frequency range though, and this 
is fundamentally one of obtaining a fast 
enough response time. 

With a non-frequency selective system 
the encoder is really just an ordinary 
compressor circuit, which boosts low 
level signals, but provides less and less 
gain as the input level is raised. Only 
unity voltage gain is provided at the peak 
signal level. The decoder is a volume 
expander, which provides reduced gain 
at low input levels, but has steadily 
increasing gain as the input level is 
raised. Again, unity voltage gain is 
provided at the peak signal level. This is 
generally achieved using an arrange- 
ment of the type outlined in Fig.2. 


The input signal is fed to an amplifier, 
and some of the output signal is further 
amplified and then fed to a rectifier and 
smoothing circuit. In this demanding 
application a precision fullwave rectifier 
really is needed. The output from the 
smoothing circuit is used to drive a v.c.r. 
(voltage controlled resistor) which is 
connected in the feedback loop of the 
input amplifier. As the input level rises, 
so does the control voltage, giving in- 
creased feedback and reduced voltage 
gain from the input amplifier, On the 
output side of the noise generating 
process (which is not necessarily a tape 
recording system) there is a similar 
arrangement, but in this case a v.c.a. 
(voltage controlled amplifier) is used in 
the signal path, and fed with the control 
voltage. Increased input level therefore 
gives higher voltage gain, and produces 
the required volume expansion. 

Overall there is no change in any dyna- 
mic level provided the characteristics of 
the compressor properly match those of 
the expander. In practice this matching 
is often achieved by having a voltage 
controlled amplifier which consists of an 
attenuator with a voltage controlled 
resistor as one element, feeding into a 
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Fig.2. Block diagram for a compander system. 
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Fig.3. Basic NES70/571 compressor circuit. 


voltage amplifier. The voltage controlled 
resistor is the same type as used in the 
compressor, as are the rectifier and 
smoothing circuit. With the two circuits 
built using the same basic circuit blocks 
they tend to provide naturally well 
matched characteristics. 

The noise reduction is obtained due 
to the reduced gain of the expander 
when playing back low level signals. This 
reduces any system noise, but as with 
the frequency selective noise reduction 
systems, the unit has no effect on high 
level signals. It is therefore dependent 
on high level signals being able to 
properly mask any background noise. 
Systems which use this compression/ 
expansion technique are often referred 
to as ‘companders’ incidentally. 

With a system that only processes 
medium and (or) high frequencies there 
is no difficulty in using fast attack and 
decay times in the dynamic filter. To 
avoid generating significant amounts of 
distortion the gain must be varied during 
the course of several signal cycles, and 
must not simply jump rapidly from one 
level to another. At a medium frequency 
of (say) LkHz, several cycles only repre- 
sents a few milliseconds, which permits 
suitably fast response times to be 
adopted, With the entire audio range 
being processed the minimum input 
frequency will be in the region of 20Hz, 
and several cycles at such a low 
frequency obviously represents a much 
longer time of around 250 to 500 
milliseconds. This can lead to problems 
with the system not responding fast 
enough to sudden and large changes in 
dynamic level, with signal clipping and 
other problems being produced as a 
result. Matters can be improved by using 
a rapid attack time with a slow decay 
time. This helps to avoid repeated and 
rapid changes in gain, while still enabling 
the unit to respond to sudden rises in 
dynamic level. It is not a complete 
solution though, since sudden falls in 
dynamic range will still leave the gain 
momentarily at the wrong level. This is 
heard as a brief burst of background 
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noise, or ‘breathing’ effects as these 
sounds are graphically and quite accur- 
ately termed. 

Another problem is that the system 1s 
ineffective when processing strong low 
frequency sounds, again leading to 
noticeable background ‘hiss’ in many 
cases, and producing a form of ‘breath- 
ing’ effect. 


DBX 


Compander noise reduction systems 
have not achieved the same sort of 
success as frequency selective types, but 
there are systems which are based on 
this techique. The most popular of these 
are the DBX range of noise reduction 
units, and these are mostly based on a 
2:1 compression/expansion characteris- 
tic. This simply means that any changes 
in dynamic level is halved by the com- 
pressor, and then doubled back to its 
original level by the expander. For 
example, a 20dB rise in dynamic level 
would be compressed to a 10dB change. 
The attraction of compander systems is 
the large effective amount of noise re- 
duction that they provide. With a 2:1 
expansion/compression _ characteristic 
the effective signal to noise ratio is 
doubled. By this I do not mean a 6dB 
improvement, but with (say) a 50dB 
signal to noise ratio being turned into a 
100dB signal to noise ratio. In practice 
the improvement may not be as large as 
this because the compander might intro- 
duce noise that would slightly degrade 
performance, as might any piece of 
equipment to which the output signal is 
fed. However, in terms of signal to noise 
ratio it is still possible to achieve the sort 
of ratio generally only associated with 
compact disc players and other high 
quality digital equipment. 

For the home constructor there 1s 
nothing difficult about building a 
compander system these days, and the 
NES570 or NES71 compander chip, plus 
a few discrete components are all that 
is needed. These two chips are basically 
the same, but the NE570 has a slightly 
higher specification with a_ typical 


untrimmed distortion level of 0.3% 
(0.05% trimmed) as opposed to the 
0.5% (0.1% trimmed) figure for the 
NES71. These devices are primarily 
intended for operation in telephone 


systems, but their specification is 
adequate for high quality audio 
applications. 


Fig.4. Basic NES70/571 
expander circuit 


The basic compressor and expander 
circuits are shown in Fig.3 and Fig.4 
respectively. It is assumed here that one 
section of the device will be used as a 
compressor with the other section con- 
figured as an expander. However, the 
device contains two identical sets of 
circuit blocks and it can actually be 
configured as two compressors or two 
expanders. Both circuits are based on 
the general arrangement outlined in 
Fig.2 and described previously. The dis- 
crete components are mostly d.c. block- 
ing and decoupling capacitors, with 
feedback resistors also being required in 
the case of the compressor circuit. C3 
and Cll are the smoothing capacitors, 
and it is these that determine the res- 
ponse time of the system. Other values 
can be tried, but these two capacitors 
should both have the same value, A 
faster response time is certainly desir- 
able, but a value of much less than 242 
is likely to generate significant amounts 
of distortion. In theory the expander 
should counteract any distortion pro- 
duced by the compressor, but in reality 
the matching of the two circuits is un- 
likely to be accurate enough for this to 
work really well. 

I have always found that NE5S70/571 
companders provide excellent results 
when used with such things as analogue 
and digital delay lines, and other noisy 
electronic circuits. I have never tried a 
set up of this type with a tape recorder, 
although there is no obvious reason why 
it should not give quite good results. An 
advantage of this type of system is that 
it is not input level depenedent, and the 
decoder should always expand the signal 
to the correct relative dynamic levels 
even if the output amplitude is substan- 
tially different from the original input 
level. 


NOISE GATES 


It is probably true to say that most 
noise gates are in fact volume expanders 
rather than true noise gates. This type 
of equipment is most commonly used in 
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electronic music where problems with 
high tevels of background noise 
(especially mains ‘hum’) are not exactly 
unknown. It is a form of single-ended 
noise reduction unit, and with a true 
noise gate the signal passes through the 
unit unprocessed if it is above a certain 
threshold level, but is switched off (or 
at least attenuated by about 20dB or so) 
if it falls below this level. The idea is that 
the signal is switched off once it falls 
below a level that is sufficient to mask 
the background noise reasonably well. 
This is a rather crude form of noise re- 
duction, but under the _ right 
circumstances it can be quite effective. 

A simple noise gate is not difficult to 
devise, but results may not be all that 
one would wish. The problem is mainly 
one of switching glitches producing 
unwanted ‘click’ sounds as the gate 
switches off, and more particularly when 
it switches on. Just how noticeable or 
not these switching glitches happen to 
be depends on the switching threshold 
level and the characteristics of the input 
signal. Up-market designs avoid them 
by using sophisticted switching circuits 
that have zero crossing detection. With 
this system the signal is only switched 
on or off as it passes through zero volts, 
as in Fig,5(b), and in this way there is 
no sudden jump from zero to a high volt- 
age (or vice versa), as in the waveform 
of Fig.5(a). It is these sudden jumps in 
voltage level that generate the ‘click’ 
sounds with simpler circuits. 


Fig.5. Asynchronous switching as in (a) 
produces switching “clicks”. The zero 
crossing switching of (b) avoids these. 


An expander can be designed to give 
a similar effect to a noise gate, and for 
this application it would ideally provide 
about 10dB to 20dB of expansion at low 
signal levels, with no changes in gain at 
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higher levels. This gives an effect which 
is very similar to a noise gate, but with 
the signal being switched on and off 
somewhat less abruptly. This can help to 
disguise the effect of the noise gate so 
that it is less apparent to the listener, 
and can give less trouble with switching 
glitches than a simple noise gate, but the 
response to rapid changes in dynamic 
level is perhaps not quite as good as a 
true noise gate circuit. 

A volume expander with suitable 
characteristics can be used to breathe 
new life into older recordings. In the 
pre-digital days the dynamic range of 
recording mediums was often inadequ- 
ate for the programme material, and the 
sound engineers had to combat this by 
using some form of compression on the 
signal. Otherwise quiet passages would 
disappear beneath the noise level. A 
volume expander can be used to coun- 
teract this compression, but it is not 
possible to cancel it out precisely as the 
compresison characteristic is an 
unknown quantity. Quite good results 
are usually obtained if the expansion 
characteristic introduces the expansion 
very gradually as the input level is 
increased, and the amount of expansion 
is limited to about 10dB or 12dB. This 
can give more dramatic results on loud 
passages, and it effectively improves the 
signal to noise ratio of the signal by an 
amount which is equal to the overall 
level of expansion provided by the 
system. 

The NE570/571 are suitable for use in 
an expander of this type, but the normal 
2:1 characteristic provides what is likely 
to be about 50dB too much expansion. 
This is overcome using the slightly 
modified circuit of Fig.6. This has 
obvious similarities with the expander 
circuit described earlier, but it uses both 
sections of the NE570/571 in order to 
give stereo operation. Also, R1/R3 have 
been added to the expanders in order to 
reduce the amount of expansion pro- 
vided to the required 10dB or so. Making 
these components a little lower in value 
gives reduced expansion, or making 
them higher in value boosts the amount 
of expansion. 

The circuit 


includes distortion 


Fig.6. The stereo volume expander circuit diagram. 


trimming controls VR1 and VR2. With- 
out distortion measuring equipment it 
might not be possible to adjust these 
really accurately, but one method which 
can be quite effective is to feed a high 
quality sinewave into the circuit, and 
then while monitoring the output by ear 
the appropriate preset for the channel 
being trimmed is adjusted for the most 
pure sounding output tone. Of course, 
you may simply prefer to omit the dis- 
tortion trimming circuits and accept the 
slightly higher distortion. 


DELAY LINES 


In recent times analogue delay lines 
have been ousted from some applica- 
tions by digital alternatives, but these 
are generally applications that require 
quite long delays (a few hundred milli- 
seconds or more), and where shorter 
delays are required analogue types still 
represent the most cost effective 
solution. There are various types of 
analogue delay line, but by far the most 
popular these days are the so-called 
‘bucket brigade’ devices, or ‘charge 
coupled devices’ (c.c.d.s) as they are 
more properly known, These can supply 
delays from under a millisecond to a few 
hundred milliseconds at comparatively 
low cost, and with what is in most cases 
a fairly high standard of performance. 

Bucket brigade devices are based on 
a chain of charge storage capacitors, 
electronic switches, and buffer ampli- 
fiers. Fig.7 shows the general scheme of 
things, albeit in rather over-simplified 
form. Of course, in a practical circuit 
the switches are electronic types based 
on MOS transistors and controlled by a 
clock oscillator, and are not mechanical 
switches. 

Initially, $1 connects Cl across the 
input, and it charges to the input poten- 
tial. S1 is then switched to the opposite 
state (as does S2) so the charge voltage 
on Cl is passed on to C2. The buffer 
amplifier is essential in order to ensure 
that C2 is charged to the Cl potential. 
Without this stage the charge on one 
capacitor would flow into the other until 
they reached a state of equilibrium, 
which would not give satisfactory 
results. 


22 


PRACTICAL ELECTRONICS JULY 1987 


Fig.7. The basic system used in an analogue delay line. 


All the switches now change state 
again so that Cl is once more charged 
to the input potential, and the charge 
on C2 is passed on to C3 via a buffer 
amplifier. Then the switches change state 
once more, with C] passing on its charge 
to C2 again, and C3 passing on its charge 
to C4, and then to the output via a buffer 
amplifier. The action of the circuit is 
therefore to pass input samples down the 
chain of capacitors and eventually to the 
output. This is analogous to buckets of 
water being passed along a human chain, 
and it is from this that the ‘bucket 
brigade’ name is derived. 

In Fig.7 only four stages are shown, 
but practical devices have a few hundred 
or even a few thousand stages. The odd 
numbered switches operate out-of- 
phase with the even numbered switches, 
and c.c.d. delay lines therefore require 
a two phase clock signal. There is no 
obvious reason why the circuitry to 
generate the second clock phase should 
not be built into the delay line chip, but 
I have yet to come across one which has 
this feature. The delay time depends on 
the number of stages and the frequency 
of the clock signal used to control the 
switches. It is equal to the number of 
stages divided by twice the clock fre- 
quency. One might expect the delay to 
be equal to the number of stages divided 
by the clock frequency (rather than 
double this frequency), but operation of 
the ‘bucket brigade’ system is such that 
a capacitor can not simultaneously 
receive and pass on a sample. This means 
that two stages are needed for each 


Fig.9. Basic TDA1097 delay line circuit. 


sample that the delay line can hold. Inci- 
dentally, digital systems operate in a 
different way which does enable one 
sample per storage cell, and analogue 
systems consequently required twice as 
many stages for a given delay. 

For the system to operate properly the 
clock frequency must be at least double 
the maximum input frequency, and pre- 
ferably three or more times this fre- 
quency. Fairly obviously, at least a few 
samples per input cycle are needed if the 
output is to track the input signal fairly 
accurately. If the clock frequency is in- 
adequate a severe form of distortion 
called ‘aliasing’ distortion results. Also 
fairly obviously, the output signal is a 
stepped waveform produced as the out- 


put jumps from one sample level to 
another, and holds at each new level 
until its fresh sample is output. In fact 
the output waveform is a series of pulses, 
as shown in Fig.8(a), since there is a lack 
of output while the final capacitor is 
switched to receive the sample voltage 
from the penultimate stage. This signal 
can be fed through a high slope lowpass 
filter to integrate the pulses and give a 
proper audio output, but a large amount 
of filtering is needed in order to achieve 
satisfactory results. It is more usual for 
an extra stage to be included at the end 
of the delay line, and this is used to fill 
in the gaps and give a stepped output of 
the type shown in Fig.8(b). This places 
less stringent demands on the output 
filter, but it is still necessary in many 
cases to have a high slope (36dB per 
octave or more) type at the output of 
the circuit. Often a similar filter is 
needed at the input in order to restrict 
the bandwidth of the input signal and 
keep aliasing distortion down to an 
acceptable level. 

The TDA1097 is a fairly typical c.c.d 
delay line chip, and the basic circuit for 
this device is shown in Fig.9. At the input 
there is a potential divider circuit which 
biases the input of the device, and VR1 
is adjusted to give optimum large signal 


Fig.8. (a) Output from the final stage of the delay line, and (b) the stepped wave 
obtained by mixing the output from the last two stages. 
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handling capability. This circuit also 
provides a bias voltage for another input 
of the TDA1097. At the output VR2 acts 
as a passive mixer which combines the 
outputs of stages 1536 and 1537. Note 
that the latter simply fills in the gaps in 
the output signal and that there are only 
1536 delaying stages. VR2 is adjusted for 
minimum clock breakthrough. RS is just 
a load resistor for the output stages. Of 
course, input and output filters are 
needed, and the cutoff frequency of 
these must be tailored to suit the 
particular application of the device. 

Delay line chips are often rather fussy 
about the characteristic of the clock 
signal, and in the case of the TDA1097 
the two phases must accurately comple- 
ment one another. This is achieved in 
this circuit using a simple CMOS astable 
circuit driving a set/reset flip/flop. Both 
circuits are formed from the gates of a 
CMOS quad two input NAND device. 
The specified values give a_ clock 
frequency of about 30kHz. This is 
sufficient for a bandwidth of 10kHz or 
so and gives a delay of approximately 
26ms. 


APPLICATIONS 


Delay lines have numerous applica- 
tions including musical effects, voice 
activated switches, and pulse blankers. 
Pulse blankers are used in radio 
receivers and various other types of 
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rest aifilitnin te gue range tities ne 
Th 


cessetic Goo wulbh ceotil wurdow and key tenn 
d ‘sete 
sect Jeanie Matue is internally governed anes poly aeeds supply 
with on average Curent af Bima GC 
iter, OOM high anit BSram deep inched 
and thoequgtny usetul deck for many purposes 
WEI600 Vertical Fronr soar Cassetie Deuk 24.30 


wz 160mm vede wmnhiding 
mator and kews A robust 


Personal callers are always very welcome but please 
note that we are closed all day Saturday 
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equipment. They have in the past been 
used in record players systems to give 
‘click’ elimination, as in the Garrard 
MRM101 unit of some years ago for 
example. This is in essence very similar 


to the ‘error correction’ circuits in 
compact disc players, and click 
eliminators are far more effective 


against bad scratches than are 
conventional scratch filters. They do not 
restrict the audio bandwidth of the 


system either. 
ANALOGUE “HOLD” 
CATE CIRCUIT 


Fig.10. Basic arrangement for a pulse 
blanker. 


The block diagram of Fig.10 shows the 
basic requirement for pulse blanking. 
The delayed signal is fed to an analogue 
gate, and then to the output via a ‘hold 
circuit’. The non-delayed signal is fed to 
a highpass filter which strips off the main 
signal to leave the noise pulses, and the 
latter are used to operate a trigger circuit 
which in turn activates a monostable 
multivibrator. The latter operates the 
gate and cuts off the signal for a long 
enough time to encompass each noise 


CAR RADIO FM IF AND STEREO 
DECODER 


with IIMs ceranuc fillers. 2 Irunstormer ratio detector 

ession IC and TCA4S00A advanved sterea decoder IC 

dio make FM tuner of car radeo. Complete with circust 

Incredible value at Only £1.99 


LINSLEY HOOD 300 SERIES AMPLIFIER 
KITS 


Ultes high apatity, Mostel output HiF- amptities kis by thes tamous 
Hesiyner Two models of ifentical appearance are available, ane grant 
35 warts per channel output the other 45 Careful design hus made these 
sero sound quality. The dehcacy and transparency 

them ty uvtperiorm, on a@ site by side cam 

wailabte today. Busting ts 
easdy removed printed cu 

inly a simple Mulumeter to ob: 
¢ Bath kits came with very comorehen 


mercial arnault 


srer binlding ipstene teins 

K3UG 35 38 Warr Compute Kar £98 79 
K300 45 4b Watt Compete Kit £102.36 
Reperits of Origin Arteches £1.05 no Vat 


LINSLEY-HOOD CASSETTE RECORDER 
CIRCUITS 


ieuils for very hegh quality low qorse stereo 
> aplumiset for our HSIG Super Quality 


ingiruchons 

Camplete Stereo Record: Play Ke £33.70 
VU Meters to sun £2 @ each 
Reprints of orginal Artic: 7Sp. no var 


STUART TAPE RECORDER CIRCUITS 


Complere steren record, regilay and bias system fur reef lo ree! recorders 
NW gne Studio quality with 4 good tape deck Separate sec 

timun perlarmance and allow a third 

here the deck has thes fitted Sean 


€1 30 no vat 


(0691) 652894 


spike, so that they are prevented from 
reaching the output. The delay line 
ensures that the gate cuts off just before 
the beginning of each noise spike 
reaches it, so that they are fully blanked. 
The ‘hold’ circuit maintains the output 
voltage level during the blanking periods 
so that the circuit does not itself gener- 
ate noise pulses. In an application where 
a fairly long blanking period is used 
(such as a_ click eliminator) _ this 
arrangement might produce a slight 
audible glitch which sounds rather like 
a tape drop-out, but is still a great 
improvement on the ‘clicks’ and ‘pops’ 
of a damaged record. With a more 
sophisticated gating and ‘hold’ 
arrangement using zero crossing 
detection or some similar process the 
performance can be further improved. 


A drawback of ‘bucket brigade’ 
devices which prevents them from being 
used in some potential applications is 
their inability to take in a signal and store 
it for playback some time later. Digital 
circuits are more suitable for this type 
of thing, and as we shall see next month, 
permit types of processing which are 
totally impractical with analogue tech- 


niques. PPE | 


Part two of Digital and Analogue Signal 
Processing will be in the PE August issue, 
on sale July 3rd. 


HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 


is. Ate. 


Dv your tapes luck treble? A worn head could be the problem Fitting one 
of aur replacement heads could resime performance better than new! 
Standard mountings make frtting easy and our [Ct Tes! Cassette nelps you 
ser the azimuth spot on We are the actual umporters which means you get 
the benefn of lower prices for pune parts. Compare us with other Suppliers 
and see! The following 1s 3 bst of our most popular heads, all are santable 
for use on Dolby machines and are ex stock 


HC20 Permalloy Stereo Head, This «s the standard bead fitted as oriqmal 
equipment on most decks £7.66 
HS16 Sendust Alloy Super Head. The best head we can find. Langer 
hfe than Permatloy, nigher outpul than Ferrite, fantastic frequency 
response £14.86 
HQ5S61.4 Track Head for auto reverse of Quadrophoric use Full specif 
cation record and playback head £14.60 
SM166 Standard Mounting 2/2 Erase head. Cormpatible with above or 
HOSS! 4 Track head 

H524 Standard Erase Head. Semi double gap. high effeciency 

H561 Metal Tepe Erase Head. Full double gap 

HX100 Special Offer Stereo R/P Heads 

HAP373 Sendust Alloy Stereo Combination Head 

HAP3I73 Technical specification 

HS9510 2/4 Stereo DC Erase Head 

HQ7SIE 4/4 Erase compatible with HQ55) 


HART TRIPLE-PURPOSE TEST 
CASSETTE TC1 


Gne inexpensive lest cussetie enables you 1n set up VU level head azimuth 
und tape speed fnvaluable when biting new heads. Only £4.66 plus VAT 
and S0p postage 


Tape Head De-magnetiser. Handy size mans operated unit prevents 
burld up of residual head magnetisanion causing morse on playback £4.54 
Curved Pole Type for inaccessible head £4.85 


Send few your free coy STS Overseas please seat TURCS te cover 
surface Post or 5 {RCs far Adal 
Please add part cost of past packing and nsuraeace ty follows 


OVERSEAS 

Please send suflicens ta cover 
Surface or Avr Post as 
required 


INLANO 

Orders up wo TIO S0p 
Orders (10 to £43 mM 

Orders over £50 F150 


24 Hour Sales Line PLEASE ADD VAT 
TO ALL PRICES 
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COMPUTER FEATURE 


INTERRUPTING THE BEEB 


BY DAVID BERRY 


... with a rotation-direction-position sensor, for example 


The author explains the virtues of implementing interrupt-driven software through the VIA port, with hard 
conditioning of the position-sensor signals. Some alternative methods are touched on along the way 


hen it comes to hanging sensors 
onto the BBC micro the designers 
have provided a number of options. 
There is a four channel A/D converter, 
one port of a VIA with control lines, a 
1MHz bus (which can most usefully 
address a second VIA) and a number of 
odd lines such as the “fire buttons” and 
light pen strobe. Unless you are really 
scratching, the most obvious interfaces 
to use will be the ADC or the user port 
of the VIA, depending on whether you 
have an analogue or digital application. 
Tn this article I shall describe how I hung 
a rotation-direction-position sensor onto 
the VIA and wrote interrupt driven 
software to process the incoming signals. 
The user port is the “B” side of the 
user/printer VIA, the “A” side being 
buffered and used to drive the printer. 
CA1 and CA2 are also used by the 
system but the two CB lines are not. The 
VIA base address is Sheila &60 (i.e. 
&FE60). Anyone not familiar with 6522 
VIAs should refer to the BBC Advanced 
User Guide (Bray, Dickens & Holmes), 
or to 6502 Assembly Language 
Processing (Leventhal). 


VECTORS 

On the software side, interrupt 
requests (IRQs) are vectored through 
two memory locations conveniently 
making interrupts available to us, the 
users. The priority vector is held in 
&204/5 and is the address of the system 
interrupt handler. Unless your program 
requires a priority over all the systems 
interrupts because of speed or hierarchy, 
it is best to stay well clear of this vector. 
Having said that, one time when you 
must use this vector is when trapping a 
system interrupt such as the 50Hz clock 
because the system interrupt handler, 
after dealing with the interrupt, clears 
it rather than passing it on to the 
secondary vector. 

The secondary vector is held in &206/7 
and is provided specifically for the user. 
The system routine jumps through this 
vector on exit so that the system always 
has priority. If the current interrupt is 
not one which the system has to deal 
with, it is passed on through the system 
interrupt handler untouched and so is 
available on exit, and hence can be dealt 
with by a user routine vectored to by the 
secondary vector. 
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Whichever vector is used the user 
interrupt handler should be written as a 
patch: the normal flow is diverted via 
the vector to the routine then on to the 
original vector content (address). This 
ensures correct resetting of the various 
interrupting devices. 


POLLING 


But why use interrupts at all? Well, 
the alternative to interrupting is polling 
where the program goes back and looks 
at the input devices on a regular basis, 
such as each time an innermost loop is 
completed. The problem with that is that 
if the inputs are coming in faster than 
the loop cycles then some will be missed. 
Sometimes this doesn’t matter; for 
example when you use the ADC you 
often only need to know its level at 
various stages in the program — you don’t 
need to be flagged every time its level 
changes. 

But where inputs are expected to 
occur only occasionally with long gaps 
between, a polling system can become 
a high time-overhead. Where inputs 
arrive in rapid succession, in random 
order, where they have priority or where 
the polling overhead is unacceptable, 
then interrupts should be used. 

Actually the 6502 forces us to use a 
combination of interrupt and poll. This 
is because the processor only has one 
available interrupt request line (IRQ) so 
it alone cannot tell the processor which 
device is doing the interrupting — only 
that some device somewhere is 
interrupting. The user program then has 
to poll all the possible devices to find 
out which one it was. 

From the software point of view 
writing interrupt systems is a little harder 
than writing polling routines, and the 
possibility of building in deeply devious 
bugs is far greater. My advice is keep 
the routines short and tremendously 
simple. 


RS307-446 


HARDWARE 


Time to look at a little hardware. Fig.1 
shows a simple arrangement of a sensor 
supplied with current from the 
computer's supply and feeding its signal 
into the CB1 pin of the user VIA. I have 
drawn the sensor as a Hall effect device 
such as an RS 307-446, but it could 
equally well be optical or indeed a simple 
switch. The only constraint is that it must 
run on 5 volts and interface the single 
TTL load represented by the VIA pin. 
Schmitt devices are best because they 
cannot “dither” between the two states, 
but it depends on your application. Each 
time the magnet approaches the Hall 
effect device its output changes state; 
removing the magnet changes it back 
again. 


SOFTWARE 


The listing is of a program that covers 
both this simple case and the more 
complex case that I shall describe next. 
If you have no interest in the second 
case then you type the listing in omitting 
the indented lines. For the sake of clear 
understanding I shall refer to the entire 
listing as program 2 and the listing 
without the indented lines as program 
1; that way we might all stay sane! 


Program 1 is a program which will 
detect high to low transitions on the CB1 
pin via the interrupt facility of the 6522 
VIA. Note how complex it is for such a 
simple task. The VIA is configured to 
flag incoming pulses on CB1 as 
interrupts. Here I should point out that 
the choice of CB1 was arbitrary and that 
any of the other interrupting lines could 
have been used instead, or as well — if 
you have more sensors. (Lines 1340 to 
1410, but note that line 1390 has to be 
entered as ORA £&88 — sorry, its the 
one obligatory gliche in my grand 
scheme!) 


The low priority vector IROQ2VEC in 
&206 / &207 is changed to point to our 
service routine (Lines 1430 to 1510). 
Note also that in order to prevent 
interrupts occurring while this vector is 
being changed the entire interrupt 
system is disabled (by SEI) and later re- 
enabled (by CLI). Can you work out 
what the effect would be if this were not 
done? 


PRACTICAL ELECTRONICS JULY 1987 


| INTERRUPTING THE BEEB | 


RS301-915 


Both RS components are Sweet Spot devices, TM: Honeywell Optoelectronics 


Finally the service routine itself is 
written as concisely as possible and does 
nothing more than increment a multi- 
byte counter (Lines 400 to 1080). The 
reason for this is that interrupt routines 
have to fit timewise between incoming 
interrupts from all sources otherwise 
they will themselves be interrupted, This 
is possible (it’s referred to as re- 
entrancy) but it’s difficult to keep track 
of exactly what is happening, and 
difficulties we can do without! 

In any case there is no need for an 
extensive routine. Once our system is 
running the counter will tick away nicely 
thank you, incrementing each time the 
magnet approaches the sensor. Basic, or 
any other language or code, can then 
access the counter and any further 
processing can be done there. 


SERVICE RULES 


There are rules to follow if your 
interrupt service routine is going to be 
successful, One is given above; make it 
short and fast. Another is that the 
processor registers should be stored at 
the start and recovered at the end of the 
routine. The reason for this may seem a 
little obscure. Remember though that 
an interrupt may occur while the routine 


Fig.3. A and B are sensors to Fig.2. 
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is running; if the routine is re-entrant 
then both it and previous interrupts will 
be handled correctly and all that saving 
and retrieval is necessary to ensure that 
following interrupts do not corrupt 
previous ones. 


This simple sensor can be used for a 
number of things including rotation and 
translation of just about anything. I use 
both Hall effect and optical sensors in 
my burglar alarm (an excellent use for 
old Atoms) to detect doors and gates 
opening and movement of a fence under 
a man’s weight. 

One quick point to add here is that 
because the operating system uses 
interrupts, and because the interrupt 
vectors have been changed by our 
program, stopping the program running 
may involve a cold start (CTRL + BRK) 
to reset the vectors. 

The 6522 VIA will allow up to six 
incoming pulses to be passed on as 
processor interrupts. These are 
controlled by two registers, the interrupt 
enable register (IER) and the interrupt 
flag register (IFR - called IXR in the 
program for obvious reasons). The first 
allows the programmer to decide which 
interrupts he will use and the second is 
valid for reading when an interrupt has 


occured. At that time its bit pattern will 
indicate which VIA facility or line has 
flagged the interrupt. 


INTERRUPTION 


The facilities and lines which can 
generate an interrupt are: CA2, CA], 
Shift Register, CB2, CB1 Timer 2 and 


_ Timer 1. Clearing an interrupt is often 


accomplished by writing back to the IFR 
the value just read from it. The two 
books mentioned earlier both have 
excellent chapters covering this whole 
topic. 

The second sensor is more complex. 
Here two narrow beam Schmitt output 
optical sensors detect slots in a rotating 
disc illuminated by narrow beam LEDS. 
Two sensors are used 90 degrees out of 
phase because then the number of slots 
need only be half that required by one 
sensor for the same resolution, and 
because this configuration can detect 
direction of rotation. The circuits are 
shown in Fig.2. 

At this stage, because of the increasing 
loads, a separate SV supply is necessary. 
I also isolated the inputs from the 
computer with opto-isolators; of which 
more anon. 

The two output signals are fed into 
the VIA. The direction line goes into a 
normal port input pin since I do not need 
to know instantly if the direction changes 
(so I do not need an interrupt) and the 
pulse (clock) line goes to PB6 which is 
the Timer 2 decrement line. Each time 
a negative pulse is detected on pin PB6, 
Timer 2 decrements and when it reaches 
zero an interrupt is flagged. This is a 
facility provided by the VIA. 


TRADE-OFF 


An interesting point to consider is the 
trade-off between hardware and 
software. In this case I conditioned the 
signals from the two optical sensors 
using hardware — the XOR to double the 


Direction 


J-K: 4027 
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pulse rate and the j-k flip-flop to give 
me direction, But I could equally well 
have fed the raw sensor outputs into the 
VIA and written software to act as XOR 
or flip-flop. Why didn’t I? 

Well, the trade-off is between the cost 
of hardware plus the cost-time to get it 
going against the cost-time of writing 
and de-bugging the (more complex) 
software. Into the equation also goes the 
number of port interrupting lines used: 
one for the hard solution and two for 
the soft. 

So why did I choose to do things that 
way? I suppose it was simple 
convenience; the hardware solution let 
me use the PB6/timer 2 which greatly 
helped the other aspects of the work and 
used an interrupt facility that may not 
otherwise have been used, thus freeing 
some other line. But both solutions are 
equally valid. 


LONG LIST 

Program 2, if you remember, is the 
entire listing including the indented lines 
and the change to line 1390, Program 2 
will handle the direction/position sensor. 
The program is fundamentally the same 
as program | with just a couple of points 
to note: Timer 2 is configured to repeat. 
Each time it interrupts the counter value 
is reloaded and the countdown begins 
again. An alternative is to configure the 
counter as a one shot device. The other 
point is that Basic handles the direction 
indication by polling the VIA (lines 260 
to 280). 

One thing the Advanced User Guide 
tells us is to avoid using OSBYTE and 
OSWORD calls when using interrupts 
because some of these routines use 
interrupts themselves and/or take a large 
amount of cycle time. Hence the direct 
addressing used in the programs, which 
will only cause problems if attempted 
across the tube. 


IN ISOLATION 

The final circuit diagrams show how 
to opto-isolate the sensor supplies from 
the computer, and how to provide a fixed 
minimum pulse width from a_ short 
incoming pulse. 

Many people dq not bother to isolate 
sensor supplies from the computer; I 
always do. Though I have never heard 
of a computer being destroyed by 
supplies being mixed, I feel much safer 
when I know the two are firmly (or 
optically!) separated. 

The 555 is provided to ensure that a 
fixed pulse width, long enough to be 
read by the computer, is generated by 
sensor. This bit of hardware is only 
needed when the sensor is producing 
very short impulses of the order of one 
microsecond; the 555 can extend this to 
(say) 10 microseconds to give the VIA a 
chance to read them. Note though that 
a high frequency chain of pulses may 
cause the 555 to be continuously tripped; 
this is where I leave it to you..... 
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Invertor 
(e.g.4049) 


Period T= 1.1 * Rt Ct seconds. 


Sensor Side 


i/p 
e 


PCR*=8&FEGC 

IXR%=&FEED 

IER*#=&FEGE 
TZL4=8F EES 
TZH%=8FEES 
ACR*=&F EGR 


PEX*=& FEE 
DDREY=8 FEE 


'&70=0 
2?875=2 
27&74=18 
'&76=08 
?DDRE*=0 


PROCIR@SER 
PROCVIASET 


CLS 
REPEAT 


COUNTS#=€ (78 70*R1 0047871) HR1DD+2R7S) #R1OO+7R 7S 


410 
420 
430 
440 
450 
460 
478 
480 
490 
58 
518 
928 
S28 
548 
558 
568 
578 
58a 
530 
638 


Computer Side 


Opto-isolator 


PHA 
TXA 
PHA 
TYA 
PHA 


LDA 
AND 


CMP 
BEQ 


610 
bs 
658 
£48 
658 
bE@ 
IXR* £70 
£58 
#255 6908 


#RE5 708 


Cbhtwo 710 
T2080 


LDA IXR% 720 


748 


AND #&AD 758 
CMP #&6A0 7E8 
BEQ pbsix 778 


JMP 


PRINT TAB(@,@)3"Counts = 
PBEZ=( C78 7E#R1 0047877) HR 1 00+ 2R7E)HRIDD+7879 
PRINT TAB(C@,1)3"PRE = 
PRINT TAB(@, 2)3"Direction = "3 
DIR%¥=?PB% AND &28 
IF DIR*%¥=&2@ THEN PRINT 


UNTIL FALSE 


DEF PROCIR@QSER 


DIM IRGQEPY &1080 
FOR OZ%=0 TO 2 STEP 


P%=IRGEP® 


+t 
OPT OZ» 


LDA &FC 


= 


a ere 


788 
exit 798 
£00 


"3 COUNTS% 


"3 PBE% 


810 


LISTING PART ONE 
CONTINUED OVER PAGE 
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ELSE PRINT 


» Cbtwo 


STA IXR% 


LDA 
CLC 


ADC #&01 
STA &73 
LDA &72 
ADC #802 
STA &72 
LDA &71 
ADC #800 
STA &71 
LDA &70 
ADC #&08 
STA &70 


JMP exit 


» PSI 


LDA 
STA 
LDA 
STA 


LDA 
CLC 
ADC 
STA 
LDA 
ADC 


my. 4) u 


&74 
T2ZL% 
&75 
T2H% 


&79 


#kO1 
&79 
&73 
#800 


| 
| 


OSCILLOSCOPES SPECIAL OFFERS 
TELEQUIPMENT D75. Dual Trace S0MHz, Delay |COSSOR OSCILLOSCOPE VDU150, Dual Trace 
Sweep. With Manual... £828 | 35MHz, Delay Sweep. Solid State PortableB x 10cm 
TELEQUIPMENT D61. Dual Trace 10MHz. With | Display with Manual ........ NOW ONLY £180 each 
Manual ....... £156 | Optional Front Protection Cover containing 2 


Probes & Viewing Hood... ... £10 
TELEQUIPMENT 43, Dual Trace 15MHz. trop | SOLARTRON OSCILLOSCOPE CD1400. Dual Beam 


15MHz with Manual . ONLY £85 each 
TELEQUIPMENT S54A. Single Trace 1OMHz. Solid | VOVALVE TESTERCT160. Suitcase style. 22Bases. 


(P&P) EF cece HONLY25 aach 
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STA &78 LDA ACR 
928 LDA &77 17008 ORA #&28 


940 ADC #800 1218 AND #&FD COMMUNICATION RECEIVERS | [57 precision CRT Restorer/Analyser Model 467 
950 STG &77 1220 STA ACR* RACAL RATZL. S00KHz—30 MHz, With Manual. Supplied with 2 bases and Manual (P&P £7} 
ae ie a i=20 only £150 each fo cee Oty £125 each 
E & ied EDDYSTONE 730'4. 480KH2-30MHz. With Manual LABGEAR Colour Bar Generator KG, 8 Test 
379 ADC #2800 1248 LDA PCR* .. only £110 each =| pattems (P&P £4) .. only £40 each 
950 STA &76 1358 AND #&3F ISOLATING TRANSFORMER 
MULTIMETERS 240¥ Out—5O0VAE1S (PAP£5): 100VA £6 p&ip £2 


STA PCR* 


AVO 9 Mk4 (identical to Avo8 Mk4 but scaled | 24VOut—500VA£6 (P&P) £5; 200VA £4 (P&P) £4 


differently}. Complete with Batteries & Leads, = DISK DRIVE PSU. 240V IN: BV 16A & 12V 158 
te cas out. Size: W125mm, H75mm. 0180mm. Cased Un- 
AVO 8 Mk2. Complete with Batteries & Leads used. {P&P £2)... "only £10 
QWERTY KEYBOARD {as in LYNX MICRO}. ‘bush 
to make. Cased (P&P £2} cee ONY ES 
DISK DRIVE 514" full height. 80 track double sided, 
Double dorsi? With Manual, Used (P&PES) 


KIT 
1@1@ PLA 176@ LDA IER% 
1020 TAY 1730 ORA #&AS 
1828 PLA 1400 STA IER* 
184@ TAX 1410 STA IXR* 
1858 PLA 1420 
1068 STA &FC 1430 LDA 
1878 144@ STA 
19808 IMP taldv) 1450 LDA 
STA 


cece £45 
Above items in GOOD WORKING ORDER - 
appearance not Al hence the price. 
AVO TEST SET No 1 [Military version of AVO 8) 


Complete with Batteries, Leads & Carrying meen £45 each 


AVO Model 7X. Complete with Batteries, Leads & NEW EQUIPMENT 


c c 
ByG oe TEE LEADS Abn Be Uleck whic ca | HAMEG OSCILLOSCOPE 605. Qual Trace 60MHz. 


r P, PRP £5 | Delay Sweep, Component Tester £583 
oe gS ee CO ULTIMETERS: Prins, | HAMEG OSCILLOSCOPE 203.6, Dual Trace 20MHz, 
TAYLOR/AVO etc. Complete with Batteries & Leads | ©OMPonent Tester with 2 probes ... £314 

from £10 A 
AVO TRANSISTER TESTER T1169. Handheld GO; All Satiat (Gilets Available 


In-situ Testing. Complete with Batteries, 
leads & instructions IPB ES) E12 | BLACK STAR FREQUENCY COUNTERS (P&P EA) 


1188 .atayv ? 

1118 EQUW @ 14238 LDA #I1RGQEPX MOD 256 
1128 1498 STA &296 

1ita + 1500 LDA #IRGEPX DIV <z5 


ir6e pes ate: Eres Meteor 100-100MHz £99 
1158 NEXT 1S2 STEPPING MOTORS Meteor 600-600MHz £126 
1160 ENDPROC 15208 LDA &74 TYPE 1, 200 Steps per rev, 4 Phase (5 wire}. 12'24V, | Meteor 1000-1GHz £175 
117 1548 STA T2L* Torque 2502 inchiwill run on SV with reduced | BLACK STAR JUPITOR 500 FUNCTION 
a a 1558 LDA &75 torque) £5 each | GENERATOR, Sine/Square/Triangle, 0.1 Hz SO0KHz 
1139 DEF PROCVIASET a L i TYPE 2. 612 Steps per rev. 3 Phase. 12:24V (will } (P&P £4) £110 

1199 1562 STA T2H% work on 5V) ; £2 each 
Yene SI EEEP eee vial ml 3. NORTH AMERICAN PHILIPS. 24 St ope Vee eer Serpe oa eae 
Oryv= + T 3 iT laps per | ranges including 10 Amp ACI 1%, Complete 
ah aeaob i D2 STEP 5 15ey — rev. 4wire 5V3. .3Amps 0-260rpm 0-200 PP, with Battery & Leads. [PRP £4} £39.50 

=VIA 


each ‘i 
: AS ABOVE. DMM6010. 0.25%. .! 
TYPE 4. 200 Steps per rev. 120V (3 wire) Torque : ONE DMMIGOI C20 ses os ne 


25 oz inch £4 each 
TYPE 7% WARNER 24 Steps per rev. 3 Phase | OSCILLOSCOPES PROBES. Switched x 1; x 10 
{6 wire), 28V. Holding Torque 45 oz inch . £5 each | (P&P £2] ia 


Used equipment — with 30 days guarantee, Manuals supplied if possible, 
Thisis a VERY SMALL SAMPLE OF STOCK, SAE or Telephone for Lists, Please check availability before 
ordering. CARRIAGE all units £16. VAT to be added to Total of Goods & Carriage. 
Callers welcome 9 a.m. to 5.30 p.m. Mon-Fri {until 8 p.m. Thurs) 


wa EN STEWART OF READING a 


110 WYKEHAM ROAD, READING, BERKS RG6 1? 
Telephone: 0734 68041 


149. + 1510 + 
OPT oz% 


1620 NEXT 
no 1640 CALL VIAEP* 
oo aes 1658 ENDPROC 


LISTING PART TWO 


ng service on all software. 
PCB 


This new release from Pineapple is a printed circuit board draughting aid which is aimed at producing 
complex double sided PCB's very rapidly using a standard BBC micro and any FX compatible dot-matrix 
printer 

The program is supplied on EPROM and will run with any 32k BBC micro (including Master series). Also 
supplied is a dise containing a sample PCB layout to demonstrate the programs features. 

By using an EPROM for the program code the maximum amount of RAM is available forstoring component 
location and ASCII identification files etc. {Up to 500 components and 500 ASCII component descriptions 
may be stored for a given layout). These is no limit to the number of tracks for a given PCB. although the 
maximum size of board is restricted to 8" * 5.6" 

Using a mode 1 screen. tracks on the top side of the board are shown in red. while those on the underside 
are blue. Each side of the board may be shown individually or superimposed. A component placement screen 
allows component outlines to be drawn for silk Screen purposes and component numbers entered on this 
screen may be displayed dunng track routing to aid identification of roundels 

The print routines allow separate printouts of each side of the PCB in a very accurate expanded definition 
1:1 or 2:1 scale, enabling direct contact printing io be used on resist covered copper clad board 

This program has too many superb features to describe adequately here, so please write or phone for more 
information and sampie prinouts. 


Programs for BBC computers with disc drive. FREE upda 
DIAGRAM 


Stil the only drawing program available for the BBC micro which gives you the ability to draw really large 
diagrams and scroll them smoathly around the screen stopping to edit them at any time if required 

Pineapples unique method of storing the diagram information on disc means that the size of diagrams is. 
limited anly by the free space on disc. and not the amount of computer memory you have available. (A blank 
AO track dise will allow up to 39 made 0 screens of diagram) 

The superb print routines supplied wth the pragram enable ‘arge areas of the dragram to be printed ina 
) single print run ina number of different sizes and rotated through 90 deg. if required Full use can a:so be 
made of printers which have a wider than normal carriage avaiable 

The program is fully compatibie with the Marconi Tracker ball described below. 


PLEASE STATE 40. or 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION IS REQUIRED 
PRICE £25.00 + VAT 


DIAGRAM UTILITIES 


Asuteofs:x utility programs which add additional features to the ‘Diagram drawing program The ublities 
include the saving and loading of areas of diagram to and from disc. The ability to display the whole 
large diagram on the screen at one time {in either 4&4 or Bws screen format}. The addition of borders and 
screen indents to diagrams. and the ability to shit a whole diagram in any direction 


PRICE £10.00 + VAT PRICE £85.00 + VAT 
MARCONI TRACKER BALL TRACKERBALL ADAPTORS 


This high quality device comes with it's own Icon Artmaster drawing program and utilities to enable it to be Converter leads to enable the Trackerball to run mouse software and the mouse to run trackerball soltware 
used in place of keyboard keys. joysticks. or with your own programs tinc. DIAGRAM). Please state which way round when ordering 
Far Model B & B+ [with Icon Artmaster) £60.00 + VAT Bare Trackernail (na software}; = £49 OD + VAT : 
For Master Series (with Pointer ROM) £60.00 + VAT Pointer ROM available separately £12.50 + VAT PRICE £8.00 + VAT 


P&P on Trackerballs £1.75 
A new additior to our range of engineering software. Miteyspice is a very powerful DC and AC analogue circuit 


ADFS Utilities ROM 


ADU is anew product which will prove invaluable to all users of tne ADFS. iIncluding Winchester owners) simulator package with graphic display for any madel BBC computer 
Cee ieeta tae ta on one viilities aie preve den. ris aia eden i 3 O18 SFR As weil as all tne usual facilities available with this type of program, non-linear effects. small signal, noise 
AL Ns UL SL Meet Ldd ald aceon fence He COp Ar Ale atl measurements and sweeps may be perfarmed. Component val ybeswept, allows nent tolarances to 
f . Brachial eme may bep _ Component values may be swept, allowing component toleran 
ae anto ADFS in a single pass and Backing Lp between discs of differer’ size [including Winchesters| be investigated as well as thermal performance etc. Comprehensive transistor modeling is incorporated using a 20 
There is also a very powerful sector editor with automatic correction of CRC bytes anc a menu routine with over parameter Ebers Mall description. The program is supplied on disc with a very comprehensive 49 page manual 
30 possible operations or ADFS discs Please write ar ‘phone far more information 


Please write of ‘prone far more details. PRICE £119 + VAT P&P FREE 


ii 39 Brownlea Gardens, Seven Kings, Ilford, Essex 1G3 ONL. @ Tel: 01-599 1476 [Me (| 


PRICE £29.00 + VAT 
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Flight Electronics’ new 
68000 development 
system is a serious tool 
which can be used both 
for learning about the 
68000 xP and for 
developing practical 
applications. 


NTIL recently there were numerous 
microprocessor development and 
teaching systems available, but currently 
there seems to be a very limited choice 
indeed. The reasons for this are 
debatable, but the general down-turn in 
the microcomputer business and 
competition from home-computers at 
throw-away prices almost certainly have 
something to do with it. Certainly most 
microprocessor development systems 
were left looking rather expensive when 
compared with many home computers, 
but they are really aimed at totally 
different markets, and development 
systems are never likely to achieve the 
mass sales of home computers, making 
production costs that much_ higher. 
Development systems are intended to 
familiarise the user with the hardware, 
interfacing techniques, and program- 
ming in a low level language. In other 
words, the aim is to take you through to 
the stage where you can design your own 
hardware and software for control appli- 
cations rather than teaching you to 
become an expert programmer in 
BASIC, or at using an applications 
program such as a word processor. 
This sort of hardware and 
programming skill is presumably the 
kind of ability that would appeal to many 
Practical Electronics readers, and the 
Flight 68K development system should 
therefore be of considerable interest. As 
its name implies, it is a system based on 
the Motorola 68000, which as most 
readers will be aware, is a very powerful 
16 bit microprocessor having 32 bit 
internal registers and the ability to 
directly address up to 16M of memory. 
Basing the system on such a 
sophisticated microprocessor adds to the 
interest value of the unit, although it is 
debatable whether many control 
applications require such processing 
power. 


HARDWARE 


The Flight 68K unit is an uncased 
printed circuit board which measures 
about 220 x 155 millimetres. It requires 
a separate power supply (a mains 
adaptor provided as part of the system) 
and a computer or other form of 
terminal which is used to control the unit 
via an RS232C port. There is a second 
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serial port for use with a printer or other 
peripheral device. The unit is fitted with 
three further sockets which are a G64 
expansion port, a 40 way connector 
which gives access to the input/output 
lines of a PIA/Timer device, and a 10 
way connector which enables the 
auxiliary lines of the DUART (dual 
serial interface) chip to be used. 

The board is dominated by the huge 
64 pin 68000 microprocessor which 
Operates at a clock speed of 8MHZ. 
There are six holders for 8k RAM/ROM/ 
EPROM/EEPROM devices, and these 
must be 8 bit devices used in pairs. As 
supplied, two sockets are occupied with 
the monitor EPROMS, two are fitted 
with 6264 CMOS RAMS, and two are 
left free for expansion purposes. The 
other two devices of note are a 68681 
DUART, and a 68230 parallel interface/ 
timer. The unit is fitted with a reset 
switch, but apart from this it must be 
controlled via an external terminal unit, 
or by an on-board program in ROM 
chips of some description. 

There are obviously several routes by 
which the unit can be connected to the 
outside world in order to control some- 
thing and (or) read in data from external 
sensors. However, the main route is via 
the 68230 parallel interface/timer. This 
has similarities with the more familiar 
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6522 VIA chip as utilized in the BBC 
and VIC-20 computers amongst others, 
but it is a larger (48 pin) device, which 
apart from the usual 8 bit I/O ports plus 
handshake lines also has a multipurpose 
8 bit port. The timer is a 24 bit type 
which can operate in a variety of modes. 
There is insufficient space available here 
for a detailed description of this device 
{the data sheet is actually an 80 page 
book), but this device clearly gives the 
unit considerable potential, which is 
augmented by the inclusion of the other 
expansion ports. 

The board is a very high quality 
double-sided through-plated type which 
is populated with high caliber 
components from well known 
manufacturers. The whole unit is very 
tough and beautifully made, and should 
last a very long time even if it is not 
treated with the respect it deserves. 


COMMUNICATION 

Communication with the board 
requires a suitable terminal, which will 
usually be a microcomputer running a 
suitable terminal emulation program. 
The microcomputer must have an RS232 
or compatible port, capable of running 
at one of the Baud rates supported by 
the board. 
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The terminal program must be 
capable of sending control codes to the 
board (i.e. ASCII values below 32), and 
some emulation programs designed for 
use with modems filter out these codes 
(except CR and LF), and so may not be 
usable if you want to make full use of 
the board. The terminal must be capable 
of displaying at least 40 columns. 

Once everything is connected and 
switched on, and the terminal is active, 
the board must be allowed to adjust its 
baud rate to that used by the terminal. 
This it does automatically, and you must 
send a series of CRs to enable this. You 
will then see the signing-on message on 
the terminal screen, 


THE MONITOR 


You enter the monitor automatically 
when communication with the board is 
established. The signing-on message is 
followed by an F> prompt. There are 32 
two-letter commands which may be 
entered at this prompt. Useful initial 
ones are TC which toggles between an 
80 column and a 40 column display 
format, and HE (help) which lists all the 
commands and what they do. 

The monitor has all the usual facilities 
to inspect and change memory locations, 
inspect and change registers etc. There 
are memory block move, copy and verify 
instructions, register display, and 
disassembly instructions. You can single- 
step or run programs, and there is an 
instruction to initialise the 68000 
registers. Up to four breakpoints can be 
set within programs. There is a continue 
command which can be used after a 
break, but this cancels the breakpoint 
for future runs. 

You can connect a printer direct to the 
port B of the board, and there are 
commands to enable and disable it. The 
enable command first checks to see if a 
printer is connected and active, so the 
monitor should not hang up because of 
a full printer buffer and no printer taking 
the data. In fact, the monitor has all the 
facilities you would expect to find. 

It also has special facilities for 
programming EEPROMS. There are 
two sockets on the board for adding 
extra memory (you need two chips — for 
the high and low bytes of the memory 
words), and these can be used for 
EEPROMS. There are two of these 
commands. One is used to transfer data 
from outside into SV EEPROMS, or to 
move the data within them. The other is 
used to move data from outside into 32- 
byte page write inverted data poll 5V 
EEPROMS. 

If EEPROMS (or externally-pro- 
grammed EPROMS) in the auxiliary 
memory sockets are used to contain 
application programs, the board can be 
used to run these programs without the 
terminal being present, so the board can 
be used as a stand-alone computer for 
control applications. 
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The monitor also has an assembler. 
As usual with monitors, this is one of 
the on-line direct type. This means each 
line of source code is assembled imme- 
diately as soon as it is entered. This is 
satisfactory for short routines, or for 
entering published programs, but is less 
satisfactory for developing longer pro- 
grams as this type of assembler cannot 
by its nature provide any assistance with 
calculating the addresses and offsets for 
forward branches. For this you need a 
two or three pass assembler. 

Flight Electronics can supply a cross- 
assembler for the BBC Microcomputer, 
but this was not included with the review 
board. Cross-assemblers for the 68000 
series are also available for the IBM PC 
and compatibles, and many other 
computers, so there should be little 
difficulty in finding a suitable one. 

The monitor assembler accepts 
standard Motorola mnemonics, and also 
a number of pseudo operations, for 
example to enter ASCII strings and data 
bytes. 

If the printer is enabled during 
assembler entry only the assembler 
output is sent to the printer, to give a 
clean listing of the code. The input and 
any error messages appear only on the 
terminal. 

Object files in Motorola ‘S’ format can 
be loaded in two ways, either from the 
terminal, or from a host computer 
connected to port B on the board. 

The manufacturers have largely 
succeeded in making the monitor ‘user 
friendly’, and it gives clear prompts for 
the next line to be entered where 
necessary. However, when entering 
values and addresses in Hex format, if 
a key other than the Hex digits, carriage 
return or delete is pressed, the entry is 
immediately discarded and you must 
begin again. 


DOCUMENTATION 

It would probably be something of an 
understatement to say that the unit is 
provided with comprehensive documen- 
tation. The main manual is around 250 
pages long, and it includes an intro- 
duction to the system, getting started 
(connecting the unit to a terminal, 
printer, etc.), system description, 
monitor commands, and monitor system 
calls. There are further sections on 
addressing modes, a full description of 
the 68000 instruction set, operation of 
the main chips, details of the G64 
interface, and even a circuit description. 

There is a smaller book which gives 
the monitor program source listing, and 
then there are full data sheets (books?) 
for the 68000 MPU, 68681 DUART, and 
68230 PI/T chips. There is also a pro- 
grammer’s reference card which is a 
convenient source for basic details of the 
68000. Finally, there is a large colour 
chart which shows what’s what on the 
printed circuit board and gives basic 
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details on the system. The latter may 
seem a bit trivial, but it is very useful 
indeed when you are first trying to get 
to grips with the unit, and it is a nice 
touch. 

Everything you are ever likely to want 
to know about the system is included in 
the documentation, and unlike some 
systems I have encountered, there is no 
need to obtain data sheets and additional 
books before you can make full use of it. 


CONCLUSION 

The Flight 68K unit is a well made and 
well thought out product that is excellent 
for learning about microprocessors at 
the chip and assembly language level. It 
does this better than any system I have 
previously come across. It would have 
been useful to have some form of simple 
output monitoring device available 
when initially trying out some of the test 
routines for the unit, but a switch/lamp 
board is apparently available as an 
optional extra, and it would probably be 
well worthwhile obtaining this add-on 
with the unit. 

Many tutorial/development systems 
are really only suitable for learning 
purposes, and would be of little practical 
value in real control applications. The 
Flight 68k unit is not in this category, 
and could be used in earnest without too 
much difficulty once the user has 
mastered the system. The speed and 
power of the 8MHZ 68000 is such that 
the unit is capable of comfortably 
handling any likely applications. Against 
this there is the cost of the system to 
take into account, and it is inevitably 
more expensive than 8 bit alternatives. 
For someone looking for a unit of this 
type and who has a suitable terminal 
unit, or computer that can operate 
as the terminal unit, this unit is 


undoubtedly a worthwhile proposition 
at £395. 


Contact: Flight Electronics Ltd., 
Ascupart Street, Southampton, S01 1LU. 
Tel: 0703 227721. 
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A Word Generator. PE 147 


HOW TO USE THESE TRACKS 


FIRST MAKE 
TRANSPARENT COPY 


(We regret that we cannot supply 
transparent copies of PCB track 
layouts.) 


STUDIO COPY METHOD 

Ask local photographic studio to 
produce high contrast 1 to 1 positive 
transparency. 


HOME PHOTOGRAPHY 
METHOD 

Using even, bright illumination, 
photograph track onto fine grain black 
and white negative film. Develop film 
for high contrast. Photographically 
enlarge image up to lifesize, and print 
onto high contrast lithographic cut film, 
such as Agfa Copyline HDU 3P Type 2. 
Develop in Agfa Litex G90T litho 
developer, or similar. 


PHOTOCOPY METHOD 


Ask local photocopy shop to make a 
good contrast copy onto acetate film. 
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(Some copiers are better than others — 
shop around.)Then touch up tracks with 
dense black ink, or photographic opaque 
ink. 


ISODRAFT METHOD 


Have a normal photocopy made, 
ensuring good dense black image. Spray 
ISOdraft Transparentiser onto copy in 
accordance with supplied instructions. 
ISOdraft is available from Cannon & 
Wrin, 68 High Street, Chislehurst, Kent. 
Tel: 01-476 0935. 


PAINSTAKING METHODS 


Draw image by hand onto clear film 
or drafting film using dense black ink. 
Draw direct onto copper surface of PCB 
fibreglass, using etch-resist inking pen. 
Use etch resist PCB tracks and pads, 
taping direct to copper surface, or onto 
drafting film. 


NEXT PRINT ONTO PCB 


Place positive transparency onto 
photosensitised copper clad fibre glass, 


cover with glass to ensure full contact. 
Expose to Ultraviolet light for several 
minutes (experiment to find correct time 
— depends on UV intensity). 

Develop PCB in Sodium Hydroxide 
(available from chemists) until clean 
track image is seen, wash in warm 
running water. Etch in hot Ferric 
Chloride, frequently withdrawing PCB 
to allow exposure to air. Wash PCB in 
running water, dry, and drill holes, 
normally using a 1mm drill bit. 

(PCB materials and chemicals are 
available from several sources — study 
advertisements. } 


* CAUTION -— ENSURE THAT UV 
LIGHT DOES NOT SHINE INTO YOUR 
EYES. PROTECT HANDS WITH 
RUBBER GLOVES WHEN USING 
CHEMICALS. 


ALTERNATIVE METHOD 
Buy your PCB ready made through 

the PE PCB SERVICE, most are usuall 

available — see page 60. co 
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A Scope Store. PE 148 


UNBEATABLE PRICES!! 


| ~- SLAVE MODEL 


® AP 100 100W RMS 


SAXO) Seem ROO stave AP200200W RMS 


2 INPUT GENERAL PURPOSE J 


5 MODEL 


* TREBLE/BASS EACH CHANNEL * INDIVIDUAL VOLUMES 
* MASTER PRESENCE 
AP 100M £99 


AP 200M £119 


I 
| 


Write or phone for a FREE BROCHURE on 
these incredible amplifiers 


P.E. HYPERCHASER 


%* Manual Rash Buttons 
% Manual/Auto Programme * Strobe Ouputs 
s ji ae Bi] * Individual Dimming * Sound To Light 
Pret a light unrt but @ sophisticated & comprehensive effects unit A full kit of parts including 
P-C.B., Facia, Case, etc. Reprint of article on request. 


P.E. STAR DESK 


4+ 4 CHANNEL LIGHT MDUNG DESK 
* 8 Channel Twin Preset Mixer 
* 4 Independent Channels * 48 Channel Sequences 
* 8 Programmes * Manual Flash Buttons 
%* IKW Output/Channel {can be boosted to 2KW/Ch) 
»® Timed Crossfade * SoftHard Sequence 
A truly magnificent unit ideal for clubs, groups, drama, etc. A full kit of parts inc, PCB, Facia, Case, 
etc. Reprint of article on request. 


CROYDON DISCO CENTRE }, 
an _ VISA 


327 Whitehorse Road, don, Surrey CRO 2HS 
(01) 684 8007 Sam-Spm. -Sat. (Closed Wed.) © 


Post & Packing £4 per item. Please allow 14 days for delivery 


* Strobe Outputs 
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TRACK CENTRE 


The Word Generator and Scope Store 
printed circuit boards are available 
through the PE PCB Service. 


«IN ONE GREAT KIT! 


The K5000 Metal Detector Kit combines the 
challenge of DIY Electronics assembly with the 
reward and excitement of discovering Britain's buried 
past. 

THE KIT — simplified assembly techniques require little 
technical knowledge and no complex electronic test 
equipment. All stages of assembly covered in a detailed 36 
page manual, 

THE DETECTOR — features Analytical Discrimination 

& Ground Exclusion, backed by the proven pedigree of 
C-Scope, Europe's leading detector manufacturer, 


Ask at your local Hobby/Electronics shop or contact:— 


t ¢ C-Scope International Ltd., Dept. PE 
C €& Wotton Road, Ashford, Kent TN23 2LN. 


Telephone: 0233 29181, 
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King Canute couldn’t stop the waves, but the Scope Store can 


NTIL recently a digital storage oscil- 
loscope was an item of test 
equipment that was beyond the reach of 
all but the better funded professional 
electronics laboratories. I suppose that 
this is still the case where a wide 
bandwidth instrument is involved, but 
the situation has greatly improved if a 
low frequency storage oscilloscope for 
audio frequency use is all that is 
required, Many users are only interested 
in audio applications, and there are then 
a few relatively low cost ready-made 
designs to choose from, as well as low 
cost home constructor add-ons. There 
are in fact two distinct types of low 
frequency digital storage oscilloscope; 
those instruments which are based on a 
home or personal computer, and those 
which are based on traditional oscillo- 
scope techniques. The technique for 
storing and replaying the data is really 
much the same in both cases, and the 
main technical difference is whether the 
trace is produced in the tradition 
oscillascope single sweep method, or 
using the scanning technique of a 
computer display. 

The best route to take depends very 
much on what equipment you happen 
to have already, and technically there is 
little difference between the displayed 
results of the two systems. In practice 
the oscilloscope method often provides 
what appears to be a superior display 
quality, but this is almost certainly due 
mainly to the smaller screen size rather 
than any greatly superior resolution. The 
unit described here is an add-on storage 
unit for an oscilloscope, and this method 
was chosen largely because it was felt to 
be more convenient to have an add-on 
unit for a piece of existing test equip- 
ment, rather than to import a computer 
system into the workshop. This 
exclusively hardware method also avoids 
the need for loading software each time 
the system is used. It is also a system 
which has received comparatively little 
coverage in the technical press, and 
which deserves more attention. A home 
constructed digital storage unit can cost 
only a fraction as much as_ the 
oscilloscope with which it is used, but 
can  disproportionatcly increase _ its 
usefulness. 


STORAGE BASICS 


Obviously much waveform analysis 
can be undertaken using an ordinary 
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oscilloscope without any real difficulty. 
Problems arise primarily when viewing 
non-repetitive waveforms, or repetitive 
but infrequent events. With an event 
which is a one-off and brief, all that the 
oscilloscope provides is (literally) a 
fleeting glimpse of the waveform. This 
may be sufficient to give meaningful 
information, but it does not permit 
detailed examination of the waveform 
and will often be of little or no practical 
value. With a brief and infrequently 
repeated event the situation is much the 
same. Things are slightly better with the 
waveform being flashed on the screen 
(say) every second or so, but without 
some form of storage mechanism this 
still gives a trace that is very dim and 
difficult to see. 

Some oscilloscopes overcome the 
problem with the aid of a_ long 
persistence phosphor, or a special tube 
which causes the trace to hold on for a 
reasonable length of time. The digital 
approach is a purely electronic one in 
which the analogue input signal is 
sampled at regular intervals and stored 
in random access memory as a series of 
digital numbers which correspond to the 
sampled signal voltages. These values 
are then fed to a digital to analogue 
converter and sent to the oscilloscope as 
an analogue signal which closely 
resembles the original input signal. 
However, whereas the input signal might 
have been a one-off or infrequent event, 
the signal stored in RAM can be played 


ONSTRUCTIONAL PROJECT | 


An all-hardware add-on 
digital storage unit for 
existing oscilloscopes, 
useful for audio 
frequencies, with a 
sampling rate in excess of 
100,000 


back into the oscilloscope many times 
per second. Thus the oscilloscope gives 
a bright and flicker-free image as it is 
displaying a repetitive waveform with a 
sweep frequency of 25 Hertz or more, 
and detailed examination of the signal 
is possible. It is even possible to amplify 
a small part of the waveform to permit 
a really detailed examination, although 
if this is done the resolution of the system 
is not necessarily adequate to show any 
more detail. The sampling rate must be 
much higher than the maximum input 
frequency if a reasonably faithful 
representation of the waveform is to be 
stored in RAM, and it is this factor that 
limits the performance of low cost 
systems. Inexpensive digital to analogue 
and analogue to digital converters are 
not capable of operating at a sample rate 
of much more than about 100000 per 
second. Also, very high sampling rates 
would require a very large amount of 
RAM to store even brief snatches of 
signal. 


SYSTEM OPERATION 


Although a scope store unit sounds 
very simple in theory, in a practical 
system everything must be carefully 
regulated by a control logic circuit if the 
system is to give usable results. The 
system must have separate store and 
playback modes so that a complete set 
of data can first be stored in RAM and 
then repeatedly sent to the oscilloscope. 
The store mode must be designed so that 
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NEGATIVE 
GEN. 


Fig.l. The scope store block diagram 


it operates for precisely one complete 
RAM storage cycle, and some means of 
triggering is required. Manual triggering 
will suffice in some cases, but in most it 
is essential to have some form of 
automatically triggered sweep. In this 
case manual triggering and automatic 
triggering when the signal exceeds a 
certain (positive or negative) threshold 
voltage are provided. Fig.1 shows the 
general make-up of the unit in block 
diagram form. 

At the input of the unit there is a 
voltage amplifier/buffer stage and a 
volume control style gain control. This 
is followed by a second amplifier which 
incorporates a preset Y shift control. 
These stages give the unit a maximum 
sensitivity of about 115 millivolts peak 
to peak into 100k to fully drive the unit. 
It is important that the input signal 
should fully drive or almost fully drive 
the analogue to digital converter (ADC) 
stage, as the vertical resolution of the 
system will otherwise, in effect, be 
greatly reduced. This would give a rather 
poor representation of the input signal 
on playback. The analogue to digital 
converter is a successive approximation 
type which is guaranteed to operate at 
something over 110000 samples per 
second, but which can in most cases be 
used at a substantially higher rate. In 
practice the full speed of the converter 
can not be used as a certain amount of 
time is taken up when the converted 
values are stored in RAM. However, 
even around 100000 samples per second 
is adequate for audio frequency 
digitizing and the unit can achieve at 
least this sort of rate. 

The two input amplifiers are standard 
d.c. coupled operational amplifier 
designs which require a negative supply 
rail. The analogue to digital converter 
also requires a negative supply for the 
‘tail’ resistor in its comparator stage. The 
unit is designed to operate from a single 
+5 volt supply rail. Many modern 
oscilloscopes, such as the author’s 
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Crotech 3132, have various supply 
outputs for accessories, including a +5 
volt type. These can generally supply 
currents of up to about 1 amp, which is 
around twenty times the current require- 
ment of this unit. A few oscilloscopes 
can provide a negative supply rail, but 
the scope store incorporates a negative 
supply generator so that it can be 
powered from instruments that do not 
have such a facility. If the unit is used 
with an oscilloscope that does not have 
a suitable power supply output, then it 
must either be fitted with a 5 volt 
regulated mains power supply, or it can 
be powered from four nickel cadmium 
cells wired in series. 

On the output side of the unit a digital 
to analogue converter reconstitutes the 
analogue signal from the digital informa- 
tion and it feeds the output socket via a 
lowpass filter. The output signal is a 
stepped waveform, since the signal 
jumps almost instantly from one sample 
level to the next, and it does not vary 
continuously like the analogue input 
signal. The lowpass filter attenuates 
signals above the upper limit of the audio 
range, and this tends to smooth out the 
steps to some degree so that the output 
signal is a_ slightly more accurate 
representation of the original. With a 
resolution of 2048 by 256 the unit gives 
no obvious sign of stepping on the 
average oscilloscope display anyway. The 
input signal must have its bandwidth 
limited to a fraction of the sampling 
frequency, but normally it will have no 
significant content outside the audio 
range anyway. However, a_ certain 
amount of lowpass filtering is built into 
the input amplifiers. 

The input samples must be stored in 
RAM, and a 16K static RAM organised 
as 2K by 8 bits is used for this purpose. 
This has its address bus provided by a 
multi-stage binary counter, and the latter 
is driven by a clock oscillator via the 
control logic circuit. 

If we consider the action of the unit 


in the store mode first, the control logic 
circuit can either be triggered by 
operating a push button switch, or 
automatically by a trigger circuit which 
detects when the output of the second 
amplifier stage exceeds a certain level. 
The circuit will be triggered by either a 
positive or a negative signal peak above 
the threshold level. Once activated, the 
control logic circuit enables clock pulses 
to be fed through to the binary counter. 
It provides a divider action though, and 
several clock pulses are needed per 
increment of the counter. The control 
logic circuit provides control pulses to 
other parts of the circuit on clock cycles 
when it is not incrementing the counter. 

Taking the operation of the unit on 
one complete store cycle, the first clock 
cycle results in a ‘start conversion pulse’ 
being sent to the analogue to digital 
converter. On the next pulse the output 
of the RAM is enabled and the digital 
to analogue converter is activated, but 
this is not of any real importance in the 
store mode, Nothing happens on the 
next clock cycle which is merely included 
as a null cycle to give the analogue to 
digital converter more time to complete 
the current conversion, On the next 
cycle the outputs of the analogue to 
digital converter are activated, and the 
RAM is set to the ‘read’ mode. The 8 
bit value from the converter is therefore 
stored at the current memory address. 
The next clock pulse increments the 
binary counter and takes the RAM onto 
the next address, and on the following 
clock cycle the whole process is taken 
back to the beginning with a new start 
conversion pulse being produced. 

This action continues until every 
RAM location has been fed with an 
input sample value. An output of the 
binary counter then goes high, and this 
sets the control logic circuit back to its 
original stand-by state. 

The action of the circuit is very similar 
in the playback mode, and it differs in 
only two respects. The most important 
one is that the pulses which formerly 
enabled the outputs of the analogue to 
digital converter and set the RAM to 
the ‘read’ mode are blocked. The con- 
tents of the RAM are therefore pro- 
tected and are not overwritten. The 
RAM outputs and the digital to 
analogue converter are activated during 
each set of clock cycles, and this reads 
the RAM contents to the output as a 
reconstituted analogue signal. On the 
face of it there is a flaw here in that the 
output signal is only provided by the unit 
for one clock cycle in cach set of five. 
However, the digital to analogue 
converter has a built-in eight bit data 
latch, and it therefore provides a 
continuous output without any need to 
resort to an external latch or sample and 
hold circuit, 

The second respect in which the 
playback mode is different is that the 
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circuit is allowed to run continuously 
rather than for just 2048 sets of clock 
cycles. This gives a continous output 
signal to the oscilloscope, but it will not 
necessarily be able to synchronise to this 
signal properly. This depends on the 
precise nature of the output signal, but 
in most cases correct synchronisation 
will be difficult, especially if only part 
of the data stream is to be examined. 
This can be overcome by using an output 
of the binary counter to provide a signal 
for the external synchronisation or 
triggered sweep input of the 
oscilloscope. 


CONVERTERS 


Fig.2 shows the circuit diagram for the 
input, converter, output, RAM, counter, 
and negative supply rail generator 
stages. The input amplifier has [C1 as a 
non-inverting amplifier with a voltage 
gain of eleven times, and IC2 is the 
second amplifier stage. This has a 
voltage gain of about two times, and it 
incorporates Y shift control VR2. VR1 is 
the variable input attenuator, and S1 
provides switched a.c./d.c. coupling by 
short circuiting d.c. blocking capacitor 
C1 when set to the d.c, mode. 

1C2 is the analogue to digital 
converter chip, and this is a Ferranti 
ZN449E device. This is an 8 bit 
successive approximation type which has 
a built-in voltage reference source and 
clock oscillator. The voltage reference is 
a high quality 2.55 volt type which 
requires discrete load resistor RS and 
decoupling capacitor C3. The only 
discrete component used in the clock 
oscillator is timing capacitor C4, With 
the specified value the operating 
frequency is about 1MHz, which is the 
maximum at which the ZN449E_ is 
guaranteed to operate. With 9 clock 
cycles required per conversion this gives 
a maximum guaranteed conversion rate 
of around 110000 conversions per 
second, With most ZN449Es it is possible 
to use a much smaller timing capacitor 
value though, and in some cases the 
device will work with the capacitor 
omitted and only the self capacitance of 
the component used as the timing 
capacitance. Some devices will work 
properly at a clock frequency of around 
2MHz. 

The ZN449E is one of three devices 
in the ZN447/8/9E series. Any of these 
components will actually operate 
perfectly well in this circuit, and the only 
difference between them is their 
guaranteed level of accuracy. The 
ZN449E is the least accurate of these 
devices, but it is perfectly adequate for 
the present application. Using one of the 
other devices is unlikely to give any 
noticeable improvement in results, but 
they are much more expensive than the 
ZN449E. 

The digital to analogue converter uses 
another Ferranti device; this time a 
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ZN428E R/2R type. This again has an 
integral 2.55 volt reference source with 
a discrete load resistor (R6) and 
decoupling capacitor (C5). The voltage 
gain through the converters is therefore 
unity. The output filter is a conventional 
third order (18dB) per octave type based 
on IC5 and having a cutoff frequency at 
about 20kHZ. 


Fig.3. Details of the printed circuit board 


IC7 is the RAM chip, and this is the 
well known 6116 CMOS static type. S2a 
cuts off the negative pulses to the ‘read’ 
input of IC7 and the output enable input 
of IC3 when the unit is in the playback 
mode, and R10 then holds these inputs 
in the high state. The binary counter is 
a 4040BE CMOS 12 stage ripple counter. 
In this instance only 11 stages are needed 
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and the twelfth one is ignored. 

The negative supply rail is generated 
by IC6 which is an ICL7660 switching 
type supply converter. This gives a 
loaded output of about —4.5 volts, which 
is more than adequate for present 
purposes. 


CONTROL LOGIC 


Fig.4 shows the circuit diagram for the 
control logic and trigger stages. The 
clock oscillator is a standard 555 astable 
circuit based on IC9, but the use of the 
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Fig.4. The circuit diagram for the control logic and trigger stages 


low power TLCS555 is recommended 
jristead of the standard device. The 
TLCSSS has a lower current consump- 
tion, does not ‘crowbar’ the supply rails 
on each cycle, and has better high 
frequency performance. VR3 controls 
the clock frequency, and gives some 
control over the sampling rate (and 
hence also the sampling time). There is 
only a limited range of useful sample 
frequencies though, since an excessive 
rate will give the analogue to digital 
converter an inadequate time to com- 
plete each conversion, and a low rate 
will be inadequate to accommodate the 
full audio bandwidth. 


IC10 = 4017BE 
Iciz = LN3358 


VR3 
47k 


c10 
100u 
Di to O04 = 1N4148 TR1i = 8C327 


Ic9 = TLCSS5P 
1C11,12 = 4001BE 


+ 
— 
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IC10 is at the heart of the control logic 
circuit, and this is a CMOS 4017BE one 
of ten decoder. Output ‘0’ is inverted by 
IClib and used to provide the ‘start 
conversion’ pulses, output ‘1’ is inverted 
by IC11a and provides the enable pulses 
to the digital to analogue converter and 
the RAM, and output ‘2’ is left unused. 
ICllc inverts output ‘3’ to give the 
negative enable pulses to the analogue 
to digital converter, while output ‘4’ 
supplies clock pulses to the binary 
counter, Output ‘5’ connects to 1C10’s 
reset input, so that the device is reset 
back to ‘0’ when this output goes high. 
This effectively eliminates the unwanted 
cycles during which outputs ‘S’ to ‘9’ 
would otherwise go high for one clock 
cycle. 

Two gates of IC12 are connected to 
operate as a simple set/reset flip/flop. 
This controls the ‘inhibit’ input of IC10, 
and with $2 set to the playback mode 
the output of the flip/flop is forced low 
so that IC10 is permanently enabled. In 
the store mode its output is normally 
high, blocking operation of the circuit. 
The output of the bistable can be trig- 
gered to the low state by operating the 
manual trigger control, $3. The circuit 
then goes through one complete storage 
cycle, at which point the counter circuit 
provides a positive transition which is 
shaped into a brief positive pulse by C12, 
D1, and D2, and used to reset the 
bistable and inhibit IC10. 

In the automatic triggering mode IC11 
operates as a window discriminator 
which switches on TR1 and triggers the 
bistable if the output from the second 
amplifier stage goes outside certain 
limits. WR4 is the trigger sensitivity 
control, and this should be set for 
minimum sensitivity (maximum resist- 
ance) when the automatic triggering 
facility is not required. 


CONSTRUCTION 


Most of the components fit onto the 
printed circuit board, as detailed in 
Fig.3. Several of the integrated circuits 
are MOS types, and I would advise using 
integrated circuit holders for all of them, 
MOS or otherwise. The MOS integrated 
circuits are [C5 to 1C12, and the standard 
anti-static handling precautions should 
be observed when dealing with these. 

There are a large number of link wires 
to fit and it is probably best to start with 
these and the integrated circuit holders, 
and to then add the resistors and other 
small components, Fit pins to the board 
at the positions where connections to 
off-board components will eventually be 
made, Construction in the main is quite 
simple, but with any fairly intricate 
printed circuit board it is necessary to 
exercise due care to avoid accidental 
short circuits between tracks or pads. Be 
especially careful where tracks are taken 
between the pads of integrated circuits. 

A metal instrument case measuring 
about 200 by 140 by 70 millimetres makes 
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Fig.5. The input wiring. Any long non-earth leads must be screened 


an ideal housing for this project. The 
exact layout is not particularly critical — 
I mounted all the controls on the front 
panel and fitted all the sockets on the 
rear panel. Included in the sockets are 
two 4 millimetre types to permit 
connection from the power sockets of 
the oscilloscope to supply. rails of the 
scope store unit. However, the input and 
output sockets can be any type which fit 
in well with the equipment you are using. 
The printed circuit board is mounted on 
the base panel of the case using 6BA 
fixings which must include spacers to 
hold the connections on the underside 
of the board well clear of the metal case. 
The point to point style wiring is then 
added, and this is generally quite 
straightforward, but Cl is mounted 
direct on S1 (Fig.5) and any lengthy 
wiring at the input must be screened in 
order to avoid excessive stray pick up of 
noise. 


IN USE 
Obviously a suitable screened lead is 
needed to couple the output from SK2 
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to the Y input of the oscilloscope, and 
the usual screened type test leads are 
used to couple the input signal to SK1. 
Another screened lead fitted with the 
appropriate plugs is needed to connect 
the synchronisation signal from SK3 to 
the ‘sync’ or ‘trigger’ input of the 
oscilloscope. With a dual trace 
instrument it can often be easier to 
obtain proper synchronisation by 
coupling the output of SK3 to the Y2 
input, setting the scope to synchronise 
to this channel, and then adjusting the 
Y2 shift control so that the synchronisa- 
tion pulses are placed off-screen. 
Although the synchronisation signal is 
taken from pin 14 of IC8, with some 
oscilloscopes it might be found that more 
reliable operation can be obtained by 
taking the signal from pin 15 or pin 1 
instead. It is certainly worthwhile trying 
these alternatives if any difficulty in 
obtaining good synchronisation — is 
experienced, If the unit is powered from 
the oscilloscope a suitable power cable 
will obviously be needed, and due care 
must be taken to ensure that the supply 
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COMPONENTS . . . 


RESISTORS 
R1,R3,R4 
R2,R1i0,R17, 


22k (3 off) 


2k2 (5 off) 
390 (2 off) 
6k8 (2. off) 
68k 
R11,R14,R15 1k (3 off) 
R12,R20 4k7 (2 off) 
R13,R16 10k (2 off) 
R21 10M (10%) 
All Yaw 5% carbon film or better, 
unless marked. 


POTENTIOMETERS 

VRI 100k lin 

VR2 2k2 sub-min hor 
preset 

VR3,VR4 47k lin (2 off) 


CAPACITORS 

Cl ly polyester layer 

C2 330p ceramic plate 

C3,C5 22 63V (2 off} 

C4 82p ceramic plate 

C6 2n2 polyester layer 

‘C7.C13 In polyester layer 
(2 off) 

C8 104 25 Vradial elect 

C9,C10 100p ceramic plate 
(2 off) 

C2 10n polyester layer 

Cl4 100n ceramic 


SEMICONDUCTORS 


LF351 

LF441 

ZN449E 

ZN428E 

CA3140E 

ICL7660 

6116 

4040BE 

TLCS55 

4017BE 
ICU,IC12 4001 BE (2 off) 
IC13 LM358 
D1,D2,D3,D4 1N4148 (4 off) 
TRI BC327 


MISCELLANEOUS 
s.p.s.t. sub*min toggle 
d.p.d.t. sub-min toggle 
Push to make release 


Printed circuit board, case about 202 x 
138 x 70mm, 8 pin DIL. IC holder (6 
off), 14 pin DIL IC holder (2: off), 16 
pin DIL IC holder (3 off), 18 pin. DIL 
IC holder, 24 pin DIL IC holder, control 
knob (3 off), 4mm socket (2 off), pins, 
wire, connecting cables, ete. 


The PCB is available through the PE PCB 
Service. A kit of parts is available from 
Magenta — see advert. 
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A sinewave test signal which shows no 
obvious signs of ‘stepping’ 


A few ms of speech showing the 
characteristic non-symetry 


is connected to the unit with the correct 
polarity. The only adjustment needed 
before the unit is ready for use is to set 
VR2 to give 1.25 volts at pin 6 of IC2. 

When initially trying out the unit it is 
probably best to start with a simple test 
signal such as a sinewave of a few 
hundred Hertz in frequency, provided 
by an audio signal generator or a 
function generator. Use a fairly low 
sampling rate initially (VR3 set for 
nearly maximum resistance) and set the 
mode switch to ‘store’. With VR1 set to 
give a signal level to the analogue 
converter that is something approaching 
the 2.55 volts peak to peak maximum, 
advancing the trigger sensitivity control 
should result in the unit repeatedly 
triggering and providing an output to the 
oscilloscope. Backing off VR4 should 
stop the triggering, and a burst of output 
should then be sent to the oscilloscope 
each time S3 is operated, confirming that 
it is triggering the unit properly. 
Switching $2 to the playback mode 
should result in the last burst of signal 
to be recorded being repeatedly sent to 
the oscilloscope. If the signal is sent to 
the oscilloscope with VR3 at the same 
setting that was used for recording, the 
time scale of the oscilloscope will be 
accurate and measurements of pulse 
duration etc, can be made. Where time 
measurements are not to be made it is 
often beneficial to output the signal to 
the oscilloscope with VR3 set for the 
highest possible rate (set at minimum 
resistance) as this will give a completely 
flicker-free display. 

If the unit is operated in the store 
mode with VR3 set for a sampling rate 


that is too high, this will be very obvious 
as the output waveform will show clear 
signs of ‘stepping’, or in an extreme case 
it will just consist of a few output pulses. 
As explained previously, it is well worth 
trying various values for C4 in an 
attempt to find the lowest value that 
gives satisfactory results. This optimises 
the conversion speed, and should enable 
VR3 to be used at its highest setting in 
the store mode. Even without tweaking 
the value of C4 it should be possible to 
use the unit with VR3 set almost at the 
maximum sampling rate. VR3 enables 
the sampling rate to be set at between 
approximately 20000 and 120000 
samples per second, which in terms of 
sampling time represents between about 
100ms and 17ms respectively. This is a 
useful range for audio purposes. For 
some types of testing, such as displaying 
envelope shapes, it could be desirable 
to use a much longer sampling time. This 
does not always work well with a unit 
such as this, as the sampling rate 
becomes too low and the envelope shape 
may not be displayed very clearly or 
accurately. If you wish to try out the unit 
for this type of testing it is merely 
necessary to make WR3 higher in value 
(about 1M) so that it encompasses much 
lower sampling rates. 

The input impedance and sensitivity 
of the unit can be increased by altering 
some of the component values, but I 
would advise against this. There would 
be a severe risk of noise being picked 
up from the logic circuitry and ruining 
results. If high input impedance and 
sensitivity are required it is probably best 
to use an external preamplifier. 
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Computers are very 
ingenious — but not 
terribly clever. Which 


may be just as well, if 
we're going to get along 
with them around the 
house. 


I have a butler that speaks poetry. 
Lives in the house with me, though 
I can never tell just where he is. We talk 
through the house phone — an intercom 
arrangement in every room that picks 
up my voice and broadcasts his. It lets 
us keep in touch without having to chase 
around the place. He is a useful chap, 
but I have to be direct with him. He 
doesn’t understand if I get too chummy 
or talkative. He likes his orders to be 
clear and his replies are the same. 

But still, he answers the door for me. 
Lets me know who it is before allowing 
anyone in so I can pretend to be out if 
I want to. There are some people he lets 
straight in. He recognises the voices of 
my friends and just calls me to say they’re 
coming. Others he keeps well away and 
if I’m out, he’s always there to give and 
take the message. 

It's the same for the telephone. He 
answers it and if I’m around, lets me 
know who it is. Allows me to decide 
whether I want to take the call. There 
are even a few he makes himself, mostly 
to other servants, And another thing, he 
knows, or can find out, all the phone 
numbers I need. I just tell him who I 
want to call and he does the dialling, 
even introduces me and checks the 
person is in before handing over. After 
all, I don’t want to find myself talking 
to the other fellow’s butler, do I? It is 
nice not to have to bother with numbers 
any more. 

As I say, he is a useful chap. Always 
keeps me up to date with messages left 
for me when I don’t want to be disturbed 
or while I’m away. Reminds me to get 
things done. Keeps my diary in order 
and knows’ everyone's _ birthday. 
Sometimes I have to phone him myself 
to check on things; what is what’s-his- 
name's address, am I free next Thursday 
for cocktails? That kind of thing. It’s just 
as well he knows my voice, there’s no 
telling what secrets he could give away. 
Stil, he has strict instructions about 
what he can and cannot discuss with 
other people. He tells me if anyone 
qustions him about anything, gas bills or 
politics. 

He doesn't actually do any 
housework. I think he believes manual 
labour beneath him. I can’t say I blame 
him. I might too I if had no real body. 
Fortunately everything he deals with is 
remotely operated. None-the-less he 
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INTEREST FEATURE 


AUTOBUTLER 


BY RICHARD MISHRA 


Very good, Sir. Shall | log off? 


does keep things under control — heating 
and lighting for instance. He'll turn off 
the lights in any empty room unless I 
tell him not to. Keeps the place at a 
pleasant temperature, but only in the 
rooms I’m likely to use. These days I 
rarely have to tell him which ones to 
prepare. He’s a good learner — picked 
up a lot about my habits. I suppose he 
remembers what I’ve told him in the past 
and keeps on the look out to see if I'm 
doing the same sort of things again. 

He wakes me up by whistling like a 
dawn chorus and drawing the curtains. 
The kettle is always boiling, the 
temperature of the shower water just 
right. To say he whistles is not quite fair. 
It’s actually a recording. In fact, he has 
a large number of them and they're not 
just of bird song. 

When I first took him on, I spent some 
time giving him my entire music 
collection to store. Of course I kept the 
record sleeves and notes. He plays it 
back through the Hi-Fi and shows the 
videos that we have acquired to go with 
them. Of course I can play any of the 
collection in any order by just asking for 
the music by name, but there’s more to 
it than that. I can do things like hum a 
half remembered passage. My butler will 
probably recognise it and give me a list 
of tunes that it could come from. I don’t 
have to worry about damaging the 
records because I don’t have to touch 
any of the system. Besides which records 
aren't used, all the music is stored, and 
added to, electronically. He helps me 
edit together my own videos using 
broadcast material. That’s quite fun, 
especially as he can take care of most of 
the laborious bits. 

He usually has a list made up for me 
every time I go shopping, mostly dull 
essentials from the supermarket. He 
could order them directly and have them 
delivered, but to be honest, I quite like 
the chance to see what’s there for myself. 
His lists do mean that I never run out 
of the basic things, but he does like to 
be told whenever I use something up. 
That’s no problem, all I have to do is 
mention it out loud as I throw the 
empties away. He hears and adds it to 
the list. 

The other day I told him that we 
needed to save some money. He had a 
look at the fuel bills, how much things 
were costing to run. In the end we 


decided to stop using the dish washer. I 
used to load it up and he would turn it 
on in the dead of night, when electricity 
is cheap. Even so, his analysis showed 
it was still quite an expensive way of 
doing things. Now I do it by hand. Just 
because you have a servant, there’s no 
reason to be wasteful. In fact things run 
much more economically with him to 
keep them under proper control. 

With his organisation, life runs more 
smoothly too. I tell him about the 
television programme that I want to 
watch and he reminds me just before it 
comes on. Even records it for me if ’'m 
away. If | want to know what’s showing 
at the cinema, he can find out. He can 
find out a lot more, just by getting in 
touch with a colleague of his in the 
library. Sometimes, if things are too 
uncertain, I have to do the interrogation 
myself, but he can look up railway time 
table or find the population of Paris 
should I need to know. 

If I come across something interesting 
in a magazine I’m reading, I mention it 
to him: he puts the appropriate 
information into his indexed file. It 
means that I can find the article again, 
even though I might have forgotten 
where I'd read it. I tell him what it was 
about and he lets me know where to find 
it. 

I don’t think he ever sleeps. Once 
some chap tried to get into the house at 
night. My butler noticed someone was 
moving too near the house for comfort 
and swtiched on the floodlights over the 
movements. The burglar went away. He 
told me about it the next day over 
breakfast. When I showed it to them, 
the police were quite interested in the 
snap shot that was taken automatically 
— a criminal with a surprised look on his 
face. 

He is good at keeping things under 
control. Not just the household 
appliances, but the budget too. He pays 
the bills directly, making sure that his 
calculations of what we’ve used matches 
up to them. In fact I can leave most of 
the official stuff to him. Tax returns and 
the like only need to be checked and 
signed by me. Of course, I keep him 
informed about what I earn and spend. 
He automatically keeps track of changes 
in the various regulations and makes 
sure I get the best deal. In fact he can 
reach of lots of ‘Experts’ for me. He 
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knows when the car is due for service 
and can even find information on how 
to fix it, 

He reminds me when to plant the tulip 
bulbs and, now that I've done the 
appropriate bit of plumbing, he waters 
the indoor plant for me. He even knows 
when I don’t want to be disturbed and 
by whom — because I tell him. 

Still you do need to know how to treat 
him. For example if I’m having a party, 
the box room with the two cabinets and 
the YDU terminal stays firmly locked. 
And as I say, I can’t be too free with my 
confidences with him, he doesn’t really 
understand. After all, he is only a 
servant, not like a real person, 

But even with all the monitoring and 
taking notes he does, he is at his most 
useful, at his cleverest, when dealing 
with other people. He comes across as 
firm, polite and aloof. It’s not because 
he is, he simply has to work within the 
limits of his comprehension: he can’t let 
himself get too involved in conversation. 
But it is good not to have to rush to 
answer the phone or door, even nicer 
not to have to worry about bills and 
official forms. 


The thing is, when he has nothing 
much to do, when he’s not taking 
dictation or reading my handwriting 
from the writing bureau where I do my 
letters, or checking that my bedroom is 
warm enough for when I go to bed, or 
looking up another interesting recipe 
using fish-fingers, he just thinks. All the 
actions involved in running a house 
come together with all the words that 
he’s come across, new and old, as he 
tries to piece together a description of 
his world — my house. 

In his musing with words to try to find 
some patterns, he sometimes has some 
problems. When this happens he asks 
me, and his question can be quite poetic: 
‘Can I compare thee to asummer’s day?’ 


MACHINE INTELLIGENT 
SERVANT 


Within ten years servants like this 
could be real. A lot of the technology 
already exist. As machines become 
increasingly clever and ‘friendly’, we 
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have to find the right way to relate to 
them. This is one approach. It 
encompasses the limitations of Machine 
Intelligence and also puts into context 
the view that they may surpass us. 
Unlike mankind, the sole purpose of 
their creation would be to serve. Without 
us, the machines’ existence would be 
pointless. 

We can see what a dramatic change 
would be brought about by a small 
increase in the ‘intelligence’ of 
machines. The age of servitude is not 
dead, it is Just waiting for machines to 
become smart enough. Then we could 
all benefit from having servants, without 
forcing any person into the indignity of 
being servile. 

Compared to people, the machines 
will still be restricted to a small range of 
tasks. More importantly, they will only 
act under strict instruction. Though 
these instructions may be in human 
language rather than some sort of code, 
the resulting actions will still be just as 
clearly laid out. 

Physically, they will still be limited. It 
is hard to make machines sufficiently 
agile to cope with the full range of 


normal animal actions without making 
them very bulky or complicated. 

Their limitation will be clear to 
everyone, not just specialists, because 
the machines will be accessible to 
everyone. 

‘Machine intelligent servants’ is 
probably too imaginative a way of 
phrasing it, but these devices will 
provide a way for people to deal with 
machines, household or otherwise, and 
other people with much less effort. We 
can address the machines we use as we 
would servants, through speech 
operated control devices, but their 
comprehension will be limited to only 
what is required for their particular 
functions. They will only be able to 
understand simple, direct commands 
and their answers will be similarly 
straight forward. Their speech will leave 
you in no doubt that they are quite 
‘simple minded’. 

Because they can hear and talk, they 
will be useful in virtually any situation, 
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work place or home. This will also mean 
that they will no longer be mysterious 
objects to fear, but familiar things for 
which to develop a contempt. In short, 
we can treat them in exactly the same 
way as the wealthy of earlier generations 
treated their servants, the advantage 
being that everyone in our society will 
have access to them. No actual people 
would be faced with the humiliation of 
servitude. 


EMERGING INDEPENDENCE 


With this attitude, intelligent 
machines can be allowed to take control 
of the products of technology, be they 
cars or the factories in which cars are 
made. At the moment technology is 
often as much a source of anxiety and 
harm as it is of help. 

Using telephones, we are given the 
ability to communicate with people 
throughout the world almost instantly. 
But we can waste a long time trying to 
find telephone numbers, waiting for 
people to be near the phone so we can 
reach them and being called by people 
we don’t want to hear from. We can travel 
to places around the world in hours, and 


we can spend the same amount of time 
in traffic jams that we could avoid if we 
knew about them. The pattern is 
repeated throughout technological life. 
Technology is useful, but usually it falls 
short of being pleasant to use, There is 
no doubt that help is needed. 

It will be the first step in 
reacclimatising mankind to our 
technological environment. As such it 
will require a revolution in itself. Not 
least we will have to get used to the idea 
that industry does not exist for the sake 
of industry, but for people. The wealth 
generated by machines cannot blindly 
be put back into making more machines, 
as happens now: people must be able to 
use the wealth. 

If this happens, technology will have 
grown up sufficiently to start looking 
after itself and so start being really 
useful. People will be given the room to 
step back and deal with being human. 
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REGULAR FEATURE 


ee en route for the outer 
planets must necessarily pass 
through the asteroid belt, More than 
3500 asteroids have now been observed 
sufficiently well to have been given 
permanent numbers; it is surprising that 
of these, only three have been ‘lost’ 
(apart from one, Adalbera, which never 
existed at all). The missing asteroids are 
719 Albert, 724 Hapag and 878 Mildred. 
The loss of Albert is particularly 
unfortunate, as it was one of the early 
‘Earth-grazers’, but we have to admit 
that its recovery after more than forty 
years will be largely a matter of luck! 
There have been surprising revela- 
tions about one of the best-known and 
most beautiful double Stars in the sky, 


SPACEWATCH 


BY DR PATRICK MOORE OBE 


OUR REGULAR LOOK AT ASTRONOMY 


Pluto is the most remote of our sun’s planets, but is it 
really a true planet, or is it one of a swarm of remote 


asteroids? 


together with a Sth-magnitude blue 
secondary; the separation is 35 seconds 
of arc, so that the pair can be split with 
a very small telescope. It has always 
been assumed that the two are physically 
associated, but it has now been 
suggested that they are not, so that the 
blue star lies ‘in the background’. If this 
proves to be correct, then certainly 
Albireo will deserve to be regarded as 
the most remarkable ‘optical double’ in 
the entire sky. 

A new quasar-galaxy association has 
also been announced, by G. Djorgovski 
and his colleagues in the United States. 
They claim that the quasar PKS 
1614+051 is associated with a very faint 
galaxy, of magnitude 24. The two lie in 
Hercules, and have an enormous red 


itself seems to have a fairly active 
nucleus, and may be a Seyfert system, 
though it is so dim that it is very hard 
to study. 

Pluto and Charon. Pluto and _ its 
companion Charon, in the outer part of 
the Solar System, make up a remarkable 
pair. Pluto was discovered by Clyde 
Tombaugh in 1930, but it is only within 
the last ten years that the separate 
existence of Charon has been proved. 
By a happy chance, we are now in the 
midst of a period of mutual eclipses and 
occultations of the two, and these are 
being intensively studied, notably by 
Dale Cruikshank and his colleagues at 
the high-altitude observatory on Mauna 
Kea. 

Originally Pluto was believed to be 


Albireo or Beta Cygni. It consists of a 
3rd-magnitude 


46 


golden-yellow star 


Orn bright planets, only Saturn is.well placed during 
this June. Mars is-out of view altogether; Venus is 
visible in the dawn sky, but is low down — and since the 
phase is over 98 per cent., no markings on it will be 
expected to be seen; Mercury is technically an evening 
object, but will be hard to see even during the first part 
of the month; Jupiter is coming into view as it moves 
against the stars of Pisces in the east before sunrise, but 
does not reach opposition until mid-October. This leaves 
us with Saturn, which is at Opposition in 9 June, when 
its magnitude will be, exactly 0 = brighter than any star 
visible from Britain apart from Sirius (which is, of 
course, too near the Sun tobe seen. at present) and 
Arcturus. 

Saturn remains in Ophiuchus, which is not officially 
counted among the. Zodiacal constellations, but. does 
intrude into the Zodiac between Scorpius and Sagittarius. 
The declination of Saturn this: month is about —21' 
degrees, so that from Britain. it is. inconveniently low; 
look for it rather above and to the.east of Antares, the 
red supergiant in Scorpius (Saturn is a magnitude the 
brighter of the two). The rings are wide open, so that 
even in a small telescope Saturn is a magnificent sight. 

Of Saturn’s satellites, Titan isan easy object; there are 
reports that it has even been glimpsed with powerful 
binoculars.’ Voyager results show. that it has @ dense 
atmosphere made up chiefly of nitrogen, but its surface 
is hidden by clouds, andas yet we have no.real idea of 
what the surface conditions are like. lapetus,. Saturn's 
outermost large satellite (though smaller than our Moon) 
is an oddity; one hemisphere is highly reflective, while 
the other is dark: Since lapetus, like all.major satellites, 
has a captured or synchronous rotation, and se keeps 
the same face turned toward its primary all the time,»it 
is always much brighter when west of Saturn, and 


’ showing us its bright face, than'when to the east of Saturn, 


During June it is eastward .of the planet, and the 
magnitude will be below 11; by early August, when it 


shift amounting to 3.215. The galaxy 


The Sky This Month 


reaches. westward elongation, it will be bright enough ta 
be seen. with: a-very modest telescope. At its best, its 
magnitude can exceed 9, 

The reason for.this curious state of affairs. is notkriown, 
Since Iapetus has a mean density not much greater than 
that-of water, it is presumably made up of rack and ice, 
se thatthe dark region is superficial — probably produced 
from inside the satellite’s globe. 

Of the outer planets, Uranus (in the. Qphiuchus- 
Sagittarius region) .reaches opposition on 16. June, 
magnitude 5.8; Neptune, in Sagittarius, is at opposition 
on 28 June, magnitude 7.7; Pluto, in Virgo, passed 
opposition on 29 April, magnitude 14. The Voyager 2 
probe, nowin‘cruise mode’ between the orbits of Uranus 
and Neptune, continues to function well. Instruments on 
it were recently used to study the supernova inthe Large 
Cloud of Magellan, described in last.. month's 


Spacewatch, but otherwise Voyager 2 will simply continue « 


on.its.way toward a rendevouz with Neptune in August 
1989. , 

The evening skies are less brilliant than those of winter; 
Orion has disappeared; aad Leo sets in_mid-evening. 
However, we do. at least have the so-called ‘Summer 


Triangle’, made up of three:brilliant stars; Vega in Lyra,’ 


Altair in Aquila and Deneb.in. Cygnus. ft is interesting 


rather larger than the Earth, but 


to. compare. Vega with Arcturus in. Bootes (the . 


Herdsman), which can be found by following round the . P 
‘tail’ of the Great Bear. The two are almost equal in | 


brilliancy, but. differ.in. colour; the blueness of Vega 
contrasts sharply with the lovely light orange of Arcturus. 


Much of the southern aspect is occupied by the large,’ 


faint.constellation of Ophiuchus (the Serpent-bearer), 
Serpens (the Serpent) and Hercules, Below them, over 


the southern horizon, lies the red Antares, not-far from — 2 


Saturn. Antares, like Altair, is flanked to either side by 


a@ fainter star, but there can be no danger of confusion; | 


because Altair is white and is much higher in the sky, » » 


& 


PRACTICAL ELECTRONICS JULY 1987 


| | SPACEWATCH 


successive estimates have reduced its 
diameter — it was even said that if things 
continued at such a rate, Pluto would 
eventually vanish altogether! The latest 
values give Pluto a diameter of 1500 
miles (2420 km), while that of Charon 
is about 730 miles (1180 km). This means 
that the two are not so very unequal, 
and the system should rank as a double 
planet -~ or, more plausibly, a double 
asteroid — rather than as a planet and a 
satellite. 

More surprisingly still, the combined 
mass of the two amounts to only about 
one-fifth that of our Moon. Pluto is 
certainly smaller than Triton, the senior 
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satellite of Neptune, and not a great deal 
larger than Ceres, the largest and mas- 
sive member of the asteroid swarm. So 
what is its true nature? The idea that it 
may have been a former satellite of 
Neptune does not seem likely, but there 
is at least a chance that Pluto is the 
brightest member of a whole swarm of 
asteroidal-bodies moving in the outer 
Solar System. 

Preliminary results show, too, that 
there is a definite difference between 
Pluto and Charon. While Pluto seems to 
be coated with a layer of methane ice, 
Charon’s surface indicates water ice. If 
this is confirmed, we have yet another 


mystery on our hands. 

It is most unfortunate that there seems 
no hope of finding out much more in the 
near future, particularly as the mutual 
eclipses of Pluto and Charon will end 
this year and will not recur for over a 
century. No planned probes will go 
anywhere near — and so by the end of 
the century it is likely that of all the main 
members of the Solar System, only Pluto 
and its companion will remain 
unexplored by probes launched from 
Earth. 


July-August 1987 


plus a host of regular 
features, including: 


HERSCHEL TELESCOPE 


by Prof. Alec Boksenberg 
and Dr. Paul Murdin 


THE VOLCANOES OF 


MARS 
by Dr. Peter Cattermole 


LUNAR 


SPECTROGRAPHY AT 
HERSTMONCEUX 


by Gerald North 


NOCTILUCENT 
CLOUDS 
by Neil Bone 


PE BAZAAR 


Sabatronics 5020A swept function 
generator with Elektor sweeper. £45 
Nombrex C/R bridge £22. Reverb unit 
£24. R.W. Hearn, 10 Speedwell Close, 
Pakeficld Lowestoft, Suffolk, NR33 
7DU, Tel 0502 66026. 

Sell all my components cheap, I.Cs, 
Panel Meters, Books, etc. SAE for 
details please. D. Collins, 11 Stafford 
Close, London, NW6 STW. 

DBX 118 dyamnic range enhancer 
(compressor-expander), £20. Tandy 
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The Night Sky this Quarter 
Comet News 


Society New 


Book Reviews 


Newcomer’s Guide this 
issue covers 


“The Moving Moon” 


News Notes will feature 


extensive coverage of the 
Supermova in the Large 


Cloud of Magellan, 
illustrated by the latest 
photographs. 


NOW ON SALE at all good newsagents Price £1.25 


TRS80 green screen monitor, £30. 
P. Hickinson, 45 Netheredge Road, 
Sheffield, South Yorks, $7 1RW. Tel 0742 
581917. 

Frequency counter, Black star, 1OOMHz, 
used once only, complete with 
instruction manual, original packing, 
£45. J. Nolan 16 The Warren, Cromer, 
Norfolk, NR27 OAR. Tel: 0263 512108. 
235 PE Mags 67-87. Offers to: B.S. 
Hewson, 35 Knox Road, Forest Gate, 
E7. Tel. OL 555 3796. 

The Jupiter Ace User Domain resource 
centre — Hardware and Software projects 


FREE of charge. Contact: lan Jones, 21 
Dene Street, Pallion, Sunderland, Tyne 
and Wear. 

Cupboard clearout. Quality components 
and MISC items now available. No junk! 
Tel. 0782 637259. 

Wanted TV tube type A67-510X, buy or 
exchange for Ex. Govt Geiger Counter. 
Tel. 0347 810354. 

For sale 5v 20A Power supply unit. Full 
spec. ex Equipment switched mode 
P.S.U. approx size 14” x 342” x 414”, £25 
R. Armstrong, 6 Litchfield Street, 
Middlewich, Cheshire, CW10 9EE. 
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UNIVERSAL 
EVENT COUNTER 


BY JOHN BECKER 


ANYTHING FROM RADIOACTIVITY TO SHEEP 


This four-decade event counter was originally developed for use with the PE Geiger Counter, but it will 
happily count up any event which can provide a +5V pulse. 


URING the Autumn of 1986, I exhi- 

bited the PE Geiger Counter (Aug 
86), and its second-generation offspring 
at selected locations in Kent. Since it 
was felt to be antisocial to use radio- 
active mineral samples to _ illustrate 
nuclear radiation detection, it seemed 
appropriate to show how the geigers 
would detect normal background radia- 
tion. Thankfully, the background level is 
normally very low, but this of course 
makes it a little difficult to illustrate 
using an analogue display meter in- 
tended to show more significant levels. 
Whilst the geiger audio output produces 
loud clicks at each impact detection, it 
cannot on its own demonstrate long- 
term detection rates. The better method 
is to use a computer or an event counter 
and relate the readout to a particular 
period of time. 

The event counter to be described 
here is the one that I designed for use 
at the exhibitions to demonstrate 
nuclear event detection by the geigers. 
It is suited to carrying out long-term 
counting of impacts from many sources 
of radiation, such as geological samples 
or contaminated food stuffs. In the latter 
case, the sampled count rate would be 
compared with the known normal back- 
ground count, so indicating any signi- 
ficant count increase over several hours. 

However, since all the counter does is 
to count pulses, it is of course ideal for 
any situation where a counted display is 
necessary. All that is required is that the 
trigger source should be a positive going 
pulse of 5v. 


CIRCUIT DESCRIPTION 


The heart of the counter is the 
ZNIO040E count display chip, IC1. It has 
several more facilities available other 
than those used for this unit, and a brief 
description of their function will be given 
later on, 

Basically ICI is a four-decade syn- 
chronous up-down counter with memory 
registers, and having outputs suitable for 
directly driving seven-segment LED 
displays. It additionally has a carry- 
borrow output for direct synchronous 
cascading, count inhibit gating, and a 
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Fig.1. Block diagram of ZNIO40E Count Display Chip 


Schmitt trigger on the count input for 
slow input waveforms. A separate set of 
BCD outputs is also available. 

The input to IC1 is preceded by a 
buffer stage IC2, which is included 
primarily to offer a high impedance to 
the driving source, and ensure that the 
input voltage level does not exceed +5v 
maximum, nor drop below logic nought, 
using R19 and D1 as the limiters. [C2 is 
a hex inverter, of which only three stages 
are used, [C2a as the initial buffer, and 
then IC2b and IC2c connected in parallel 
to reinvert the signal and additionally 
allow sufficient current to trigger IC1. 
The remaining three inverters are not 
used, and their inputs are simply taken 
to ground. If the counter is to be 
triggered from logic levels already 
known to be satisfactory for drivingTTL, 
IC2 could be omitted, and the input 
taken direct to [C1 pin 22. 

Ignoring the control pins of IC1 for 
the moment, each time the counter is 


triggered, it clocks up its memory store 
by one position. Internally the count 
number is automatically translated into 
four seven-segment codes, each relating 
to one of the four decades from 0 to 
1000. These codes are held in four 
memory registers, and are under multi- 
plex control, so that any of the four can 
be routed to the seven output pins via 
the current limiting resistors R8 to R14. 
The current available at these outputs is 
sufficient to sink 100mA and so is 
suitable for direct control of LED 
devices, such as seven-segment displays. 

For a four digit event counter, the 
outputs need to be switched by a multi- 
plex section controller. This is built into 
IC1, and runs at a frequency set by C6. 
Preferably, it should run at about 12kHz 
or less, though too slow a rate will cause 
flickering of the display digits. 

The multiplex oscillator switches the 
four registers through to the outputs, 
one after the other, and at the same time 
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Fig.3. Circuit diagram for Universal 


Event Counter 


Fig.2. Pin connections for ZNIO40E 
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applies a high level to one of the outputs 
at pins 15 to 18. The current available at 
these pins is insufficient to feed the 
displays directly, but can readily control 
the switching transistors TRI toTR4 via 
R15 to R18. As the relevant level is 
applied in turn to these transistors, they 
switch on, allowing current to reach the 
common anode of the relevant display. 
The selected display then becomes illu- 
minated, showing the decoded numeri- 
cal digit. Since each of the displays is 
turned on in sequence at a high fre- 
quency rate, the impression received 
visually is that all are turned on together. 
But of course in reality, each is only on 
for a quarter of the time. This has the 
additional benefit of reducing the total 
display current to a quarter of the 
amount required for normal constant 
display. 

Sl is a push button reset switch, 
connected to IC1 pin 20. Normally this 
pin is held high by R1, but on pressing 
S1, the pin is grounded, and the counter 
is reset to zero. C5 ensures that the 
counter is automatically held reset at 
power switch-on, until it has charged up 
via Rl. For the exhibitional purposes, 
manual control of the reset was quite 
satisfactory, but for other instances, it 
could be put under automatic logic pulse 
control, 


POWER SUPPLY 


The unit requires a +Sv supply and 
draws a little under 300mA with all dis- 
plays showing eights. If a +5v PSU is 
available, it can be connected directly 
to the positive rail of the PCB. However, 
if the optional Sy regulator, IC3 is 
included, the power source can be at a 
higher voltage level, but must be at least 
7v to ensure adequate stabilisation down 
to +5v by IC3. It is preferable not to 
use a preregulated supply greater than 


s 
RESET 
PUSH SWITCH 
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Ov otherwise 1C3 will require a heat sink. 
C7 is an initial smoothing capacitor, then 
Cl to C4 are post-stabilisation power 
line decouplers. 


OTHER OPTIONS WITH IC1 

All pins numbered refer to IC1 pins, 
and the lettered PCB pins F to L are 
normally held high by R1 and R7. Any 
of the control pins can be activated by 
manual switches, or by automatic logic 
level control voltages. 


Pin 1 —- DISPLAY BLANKING. Taking 
this to ground blanks the displays, but 
the chip continues counting. 


Pin 2— LAMP TEST. By grounding this 
pin all four displays will be forced to 
show decimal eight. If all are functioning 
correctly, numeral 8888 will be seen. 


Pin 3 - ZERO SUPPRESSION. When 
held high, as it is here via a 1K resistor, 
leading zeros of any decimal number are 
inhibited. By grounding this pin, leading 
zeros can be reinstated, though at the 
expense of increased current 
consumption. 


Pin 13 — DIGIT SELECT. Inapplicable 
with common anode displays (as used in 
this counter), so ignore this pin. 


Pin 19 - CARRY-BORROW. May be 
used as an overflow indicator, or to allow 
direct cascading of several ZN1040Es. 
When the count direction is UP, then 
the carry output will go high on the next 
low-going edge of the count input after 
a count of 9999 is reached. It will go low 
again on the next high going edge at the 
count input, when the count changes to 
0000. In the DOWN mode, the reverse 
applies. 


Fig.4. PCB layout details 


Pin 21 — UP-DOWN MODE. Reverses 
the count direction from UP to DOWN 
when this pin is grounded. 


Pin 23 — INHIBIT. Grounding this pin 
stops the counter at the last count 
number, and leaving the displays 
activated. 


Pin 24—TRANSFER. With this pin high 
data is passed straight from the counter 
internal register latches to the displays. 
When taken low, the displays are held at 
their last number, but the chip continues 
counting. 


Pins 25 to 28 - BCD OUTPUTS. Binary 
Coded Decimal Outputs in order of D, 
C, B, A, and suitable for driving TTL 
logic. 


The chip does not have a decimal point 
control, and the PCB makes no provi- 
sion for access to the relevant pins on 
the displays. 


CONSTRUCTION 


Assembling the PCB needs no special 
comment except to give the usual advice 
to check all solder joins thoroughly, and 
discharge static from yourself before 
handling [C1 and IC2. Also, DIL sockets 
should be used for IC1 and [C2, and for 
the seven-segment displays. For the 
latter, the DIL sockets need their unused 
legs to be cut off before insertion into 
the PCB. Common anode displays other 
than the type listed may be used as long 
as the pin configurations are the same. 

For practical reasons, $1 was mounted 
at the back of the PCB, allowing ready 
manual access under exhibition condi- 
tions. IC3, C2, C4 and both jack sockets 
were mounted flat against the PCB in 
order to ensure a low front profile. The 
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COMPONENTS ... 


RESISTORS 
R1-R7 
R8-R14 


1K (7 off) 
100 (7 off) 
R15-R18 270 (4 off) 
R19 10K 

All resistors 44w 5% carbon 


CAPACITORS 

Cl 47 10Velectrolytic 
C2,C4 100n polyester (2 off) 
C3;C5 22 16Velectrolytic 
(2 off} 

1n polystyrene 

4701 10Velectrolytic 


C6 
C} SKI. 


SEMICONDUCTORS 
4V7 400m W zener 
BC213 (4 off) 
ZN 1040E 
4069 
7805 
EP27 (or similar 
common anode 7-seg- 
ment displays) (4 off) 


MISCELLANEOUS 

Pcb clips (4 off), PCB278A, 14-pin 
i.c. socket (5 off), 24 pin i.c. socket, 
3.5mm jack socket (2 off). Pcb and 
kit of parts available from 
Phonosonics, see advert. 


original display unit was mounted inside 
a glass fronted display cabinet, using self 
adhesive PCB supports, mounted for- 
wards, to secure the board to the glass. 
If bright ambient light diminishes the 
display brilliance, a hood can be fitted 
to shade the numerals. The board may 
alternatively be fitted inside a box with 
a suitably cut slot for the displays, 
protecting them with a red gelatine filter. 
The filter will also help to minimise 
ambient light problems. 

For use with the PE or EE geigers, or 
any of their second-generation off- 
spring, the geiger’s computer output can 
be plugged direct into this counter, via 
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KITS THAT FIT 


MUSIC AND 
EFFECTS 


A-D-A Interface* Set 251 
Chip Test 16-Pin* Set 258S 
Chip Test 24-Pin* Set 258F 
ChorusFlangerDual Set235 
Compander Set 238 22.99 
Cybervox Voice FX Set 228 44.76 
Digital Delay & MCS Set234RK 198.50 
Disco Light Control Set 245F 
Echo-Reverb Stereo Set 218 

Equaliser 3-Chan Set 217 

Event Counter Set278 

Flanger (Mono) Set 153 

Guitar Modulo Set 196 
Micro-Scope* Set 247 
Micro-Trace* Set 261 
Mini-Sampler Set 246 

Mixer 4-Ch Stereo Set 229S 
MixerSimple4Chan Set 256 

Mock Stereo Set 213 

Morse Decoder* Set 269 

Noise Gate Set 227 
Phaser~Enhanced Set 226 
Polywhatsit! FX Set 252 

Rhythm Gen* Set 185 

Ring Modulator Set 231 

Storm Wind & Rain Set 250W 

Thunder & Lightning 
Tuner—Micro* 
Tuner—Simple* Set 259 
Vodalek Voice FX Set 155 


* Computer controlled (BBC, C64, PET) 
Most PCBs available separately 


61.00 
32.50 
39.30 
59.99 


Set 250T 
Set 257 


Function 


Decimal 
Outputs in order 
19 Carry-Borrow 
20 Reset 
21 Up-Down 
23 Inhibit 
24 Transfer 
3 Zero Suppression 
2 LampTest 
1 Blanking 
22 Count Input 


LOW COST 
GEIGER 
COUNTERS ° 


NUCLEAR FREE ZONES? 
CHECK THEM OUT — 
GET A GEIGER 


THE PE GEIGER WAS 
SHOWN ON BBC TV 
“TAKE NOBODY’S WORD 
FOR IT” PROGRAM 


Detectors ‘or environmental and geological 
monitoring ~ Know your background! Youd be amazed 
at tne quantities sold since Chernobyl 


METERED GEIGER (PE MK2) 

Built-in probe, speaker, meter, digital output. Detector 
tube options — ZP1310 for normal sensitivity, ZP1320 
for extrasensitivity. 

Kit-form — SET 264 ~ (2P1310) £59.50, {2P1320) 
£78.50 


Ready-buit = T2272 ~ (ZP1310) £75.50. (ZP 1320) 
£94.50 


AUDIO GEIGER (EE MK2) 

Built-in probe (ZP1310}, speaker, digital output. 
Kit-form SET 265 MK2 £49.50. Ready-built T2274 
£65.00 


GEIGER-MITE SET 271 £39.50 

Mimature geiger with ZP 1310 tube. LED displays 
fadiation impacts. Socket for headphones or digital 
monitonng. Kit-form only. 


Send A4 SAE for detailed catalogue, and with all enquiries (overseas send £1.00 or 51.R.C.'s). 
Add 15% VAT. Add P&P — Sets over £50 add £2.50. Others add £1.50. Overseas P&P in 
catalogue. Text photocopies — Geiger & DDL Texts £1.50 each, others 50p, plus 50p post or 
large SAE. Insurance 50p per £50. Mail order, CWO, CHQ, PO, Access, Visa. 


PHONOSONICS, DEPT PE77, 8 FINUCANE DRIVE, 
ORPINGTON, KENT, BR5 4ED, Tel. 0689 37821. 
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ELECTRONICS AND THE THIRD WORLD 


The large pool of low-cost labour in the Far East has worked 
to the benefit of the UK electronics industry, but this situation 
may change dramatically as South East Asia’s own industries 


become established 


HE highly successful Amstrad 
business is often held up as an 
example of what can be done in flagging 
old Britain in the field of consumer 
electronics goods. Undoubtedly much of 
this success is due to the marketing skills 
of Alan Sugar, the founder. But another 
very important factor is that Amstrad 
does most of its manufacturing in the 
Far East (e.g. South Korea) where 
labour costs are much lower than in the 
UK and Europe generally. Of course, 
this is a well known strategy which has 
been used by other British electronics 
firms for a good many years. Amstrad’s 
outstanding business success has simply 
highlighted it. 

When Sir Clive Sinclair (whose earlier 
computer business was bought up by 
Amstrad) was television’s favourite 
pundit on science and technology, he 
used to argue for a permanent 
relationship of this kind. He would say 
that Britain is strong in basic research 
and invention but weak in the 
application of these mental products to 
manufacturing and marketing. We are 
good at generating ideas but not in 
exploiting them for profit. So why not 
make the UK a kind of R&D centre — 
which would live basically by selling its 
brainpower through licences, royalties 
etc. — while other countries, notably 
those of the Third World, would benefit 
from producing and selling the resulting 
hardware. 

But whether this would fit in with the 
present situation is somewhat doubtful. 
America, Japan and West Germany are 
the leading industrial nations because 
they not only produce good research and 
inventions but the technology to exploit 
them as well. Everyone else follows in 
their wake, though not without making 
contributions to the total body of 
knowledge. The overall picture, 
however, is one in which the 
industrialised countries — broadly the 
OECD group — generate the technology 
and monopolise it. They call the shots, 
while the Third World is in a position of 
dependence. 
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It’s all very fine for the richer nations, 
but this technological imbalance makes 
the present world economy work to the 
permanent disadvantage of the 
developing countries. And this is 
morally, socially and economically bad 
for everyone.The famous Brandt Report 
(‘North — South: a programme for 
survival’) pointed out the dangers in 
some detail several years ago. So in our 
discussion of the effects of the 
electronics industry on society it makes 
good sense to explore what is happening 
in the Third World countries where 
electronics is just beginning to have an 
impact on people’s lives, 

The fact that some of the people in 
the poorer countries can now buy radio 
or tv sets, pocket calculators, digital 
watches and the like is not very 
significant. It is a highly marginal change 
in awareness relative to experience of 
the brute facts of living in poverty, 
sometimes near to. starvation. If 
electronics has any significance at all it 
must be the underlying effect of this 
technology on industrial production, 


capital accumulation and economic 
development. 
Economists, industrialists and 


business people have traditionally held 
the view that because the Third World 
has huge populations and enormous 
pools of unemployed labour it should 
naturally adopt labour-intensive 
methods of production. Of course, this 
does in fact happen and the still 
tremendous competition for jobs drives 
the price of labour downwards. Hence 
the availability of sources of cheap 
labour for European companies such as 
Amstrad. And in saying ‘cheap’ I don’t 
mean to imply poor quality, because the 
labour is often both cheaper and better 
than that available on the European 
market. 

But this assessment, although it 
represents the current situation, is faulty 
in the Jong term. First of all there is no 
reason to suppose that governments and 
industrialists in the Third World would 
want to see their people as a permanent 


REGULAR FEATURE 


pool of cheap labour for the richer 
nations, thus perpetuating the present 
dependence of the South on the North. 
It's bad enough to be forced into this 
dependence by economic necessity 
without voluntarily choosing it as a way 
of life. 

Secondly, the traditional view is based 
on the concept of the quantity of labour 
and its laws of supply and demand. It 
doesn't take into account the qualitative 
change that is occurring in industrial 
production. High technology, led by 
electronics and computers, is being 
used, as discussed last month, not 
primarily to reduce Jabour requirements 
but to improve the overall efficiency of 
production and the quality of 
manufactured goods. If the developing 
nations are going to compete effectively 
with the richer ones they must utilise the 
new electronics-based technology for 
similar purposes — and in fact are already 
beginning to do so. As their labour is 
cheap anyway, there is relatively more 
incentive for them to use the new 
production technology to improve 
efficiency and competitiveness than 
simply to save on labour costs. 

So how will the Third World deal with 
its vast unemployment problem? 
Already the manufacturing industries of 
the developing countries are unable to 
absorb the steadily increasing labour 
force resulting from the growth of their 
populations. One possibility would be 
to expand employment in agriculture. 
Although this would be going in the 
opposite direction to what happened in 
the European and American industrial 
revolution, it does make sense in the 
light of the new, automated production 
technology in manufacturing industries. 
Work in agriculture doesn’t require the 
speed, accuracy, unflagging attention 
and precise measurement and control 
that are nowadays demanded by 
manufacturing production. Its rhythm is 
slower, in synchronism with the seasons 


and hence more suited to human 
abilities. 
Pr: | 
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PE PCB SERVICE 


P.cC. BOARDS 


Printed circuit boards for certain PE constructional projects 
are available from the PE PCB Service, see list. They are fully 
drilled and roller tinned. All prices include VAT and postage 
and packing. Add £2 per board for overseas airmail. 
Remittances should be sent to: PE PCB Service, Practical 
Electronics, 16 Garway Road, London W2 4NH. Cheques 
should be crossed and made payable to Intra Press. 

Please note that when ordering it is important to give project 
title, order code and the quantity. Please print name and 
address in Block Capitals. Do not send any other 
correspondence with your order. 

Readers are advised to check with prices appearing in the 
current issue before ordering. 

NOTE: Please allow 28 days for delivery. We can only supply 
boards listed here. You may send a photocopy of the Order 
Form. 


TELEPHONE ORDERS (OPEN 24 HOURS) 


You can now order your printed circuit boards by telephone, 
quoting your Access credit number. The number to ring is: 
0268 289923, In stock items will be despatched within 24 hours 
of receipt of order. If you ring out of office hours please state 
your order, credit card number and address clearly, as the 
order is recorded on an answering machine. 


Power Control Interface 
Disc Drive PSU 
Modular Audio Power System 
Pt-3:Test Signal Source 
Power Suppl 


APRIL ’85 


Amstrad Synthesizer Interface 
Rugby Clock Pt-2 


CBM64 Music Keyboard 
Keyboard JUNE’85 506-02 £5.19 
Main PCB 506-03 __- £3.90 


MTX 8 Channel Ato D JULY’85 507-01 £4.37 
Voltmeter Memory Adapter 506-01 £3.90 


Envelope Shaper AUG'85 _508-01__—‘£4.11 


Car Boot Alarm SEPT’85 509-01 £3.90 
RS232To Centronics Converter 509-03 £5.70 


‘Touch Control PSU 001 £4.90 
Exp. with Robots (double-sided) OCT’85 004 £21.30 
Modulated Syndrum 005 £4.90 


| CBM User Port Expander 006 = £4.38 
Model RailwayTrack Control 010. £6.35 


*Bytebox: ROM Board (double-sided) 002 £15.89 
ZIF Socket 003 =£3.90 
RAM Board NOV’S85 007. £5.70 
Battery Backed RAM 008 = £4.13 
EPROM Board 009 = £3.90 
«Special Price - Complete set of 


5 boards OOA £29.25 


DEC ’85 
Model Railway 
Track Control 


Rec Board -A 
Rec Board —- B 
Rec Board — B Ext 
Test Load 


Exp. with Robots 
Spectrum Speech 
Synth & 8-Bit I/O Port 
double sided 


Burglar Alarm 
Main Board 
Bell Driver 
Logic Probe 
Computer Movement Detector 
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Dear PE, Please supply the following PCBs: 


Ee EM ES ES 
Pe Pe PE 
elec epee ade ts engage ee ae 
eee 


ClockTimer 

Fibre Optic Audio Link 
Transmitter 
Receiver 
Set of two boards 


Temperature/Analogue Interface 

Sound Activated Switch 

Photographic Trigger Unit (set of 2 APRIL '86 
00C 

IEEE 1000 PSU 105 

Scratch and Rumble Filter 106 


Notcher Effects Unit 
Logic Checker 

D.F BeaconTimer 
STEbus backplane 


GuitarTracker 
Thermocouple Interface 
PE Hobby Board 

BBC Light-pen 


Passive IR Detector 

200MHz counter 
Main board 
Display board 
Set of two boards 


Fibre Optic Data Link 
Set of two boards SEPT’86 OOE £10.14 
PEHB D/A-A/D 120. £7.25 


Drum Synthesizer 121 £7.67 
Time Delay— Mains (Set of 2) OCT’86 1220 £7,92 
Mains Dimmer 123 _—£3.90 


Remote Joystick — Set of two boards 124 £10.86 
Baby Alarm — Set of two boards 125 £10.71 


Video Enhancer DEC’86 126 £8.76 


Video Fader JAN '87 127 = £4.50 
Scrambler 128 =. £8.06 
PE Promenader (double side) main board 129 £30.68 

ae Power suppl 130 = £9.53 


PE Promenader Playback Unit 133 £14.52 |. 
PEPromenader Extension Prom FEB '87 131 £9.05 
PE Hi-Stab 132 _ £8.79 


4Channe! Enhancer 135 
Light Pen MAR ’87 136 
Bell Repeater 137 
Ultrasonic Measure 138 


JUNE ’86 


JULY'86 


NOV'S86 


PEVigilante 139 
SMPSU Stepper 140 
Booster 141 


4 Inverter 142 
Inductive LoopTransmitter 143 
bs ” Receiver 


144 
Bright Fuzz MAY’87 145 £3.90 
Synthesising AFGenerator JUN’87 146 £10.20 


147 £13.42 
148 £11.94 


Word Generator 


Storage Scope JULY’87 
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EVEN MORE SUPER 
SUMMER SAVERS!! 


If you are already a Maplin customer, soon you will be receiving (if you 
haven't already) a bumber bundle of smashing Summertime specials, 
plus the chance to win a beautiful, sleek, Ford XR3i (if you register in the 
prize draw before 1st July 1987). 


Wf you are not a Maplin customer, but would love to know more about the 
special offers and have a chance to win the car, fill in the coupon below 
with your personal details, tick the appropriate box, and post it now 


Please rush me my Apache model racer, with 2 channel digital proportional radio 
control system. | wish to receive 


| Code Qty. | Price 
Apache model racer SxX08J | 
AA ni-cad battery 3 YGOOA 
| AA alkaline battery | SX69A | 
‘All prices include VAT. Please add 50p towards postage. Total 


‘order below £5.00, please add 50p handling. 


| enclose cheque/postal order made payable to Maplin Electronic Supplies Ltd., or 
see credit card details 
Here are my personal details 


Customer Number 
Name .... 
Address 


Post Code 


Send to: 
Maplin Electronic Supplies Ltd. 


OTST * 
A superb ready-built scale-model off-road racer complete with a 
2-CHANNEL DIGITAL PROPORTIONAL RADIO CONTROL SYSTEM 
— for the price of the RC system alone! 
All this is included in the price: 
Ready-built 14 scale model car (overall size 325 x 186 x 130mm, 12.8 
x 7.3 x 5.1in.). 
Front and rear low-profile semi-pneumatic rubber tyres. 
Front wheel independent suspension. 
High or low gear selection 
Sealed box with differential gearing. 
Powerful motor gives scale speeds up to 140 mph 
Front and rear coil-spring shock absorbers. 
2-channel digital proportional radio control transmitter (and receiver). 
(Standard 27MHz AM — no licence required in UK) 


Servo-controlled proportional steering. 
Proportional motor speed control in forward and reverse. 


“Batteries and ni-cad charger not included. Car requires 8 AA cells (ni-cad 
recommended YGOOA £1.35 each). Transmitter requires 6 AA cells, (alka- 
line SX69A 55p each or ni-cad as above). NB — and if you have a collision at 
100mph or more, you'll be pleased to hear that spare parts are available 


| have never been a Maplin Customer, but | would be pleased 


— 
to receive details of the super Summertime special offers | Tick box 


L__ 


If you have already received the Summertime special offers, 
please use the Order Coupon supplied with that 


[| Tick box 


| authorise you to debit my Credit Card account for the cost of goods despatched 


SMeELECLReSEee ey 


Access’ American Express’ Mapcard Visa , ‘ 
Delete as required 


Please register me in the prize draw 


Credit Card Number 


Note: Goods will be despatched only if the address given is the cardholder's address 
If ordering by Credit Card please sign 


Signature Expiry Date 


PE 78? 


P.O. Box 3, Rayleigh, Essex, SS6 8LR. Telephone, Credit Card Sales (0702) 554161 Enquiries (0702) 552911 


Shops at: Lynton Square. Perry Barr, Birmingham. Tel: 021-356 7292 159-161 King Street. Hammersmith. London V 
46-48 Bevois Valley Ad, Southampton. Te! 0703 25831 2 i 


4 Londen Ad 


Tel 01-748 0926. 8 Oxford Rd.. Manchester Tel: 061-236 0281 
slitt-on-Sea. Essex. Tel: 0702-554000 


